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The Technology Application Center (TAC) is  one o f  six NASA- 
sponsored, nonprofit, regional centers for the transfer of 
technology to industry, local government, and the private sector 
in general. Through TAC, access to most of the world's 
available technical information is conveniently and inexpensively 
provided to potential users, regardless of their size or technical 

~ - . _  - 'interest area. 

. 
- Through i t s  professional staff, TAC offers a wide variety of 

technical information and technological support services. 

. You are invited to contact the center directly for details and a 
discussion of how we can further serve your needs. 

Technology Application Center 
University of New Mexico 
Albuquerque, New Mexico 87131 *,. 
(505) 277-3622 

This material is disseminated under the auspices of the National 
Aeronautics and Space Administration in the interest of 
information exchange. Neither the United States government noi 
the IJniversity of NPW M p x i r n  anirnPs  any liahility for it< conter 
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The Technology Application Center (TAC) is  
one of six NASA-sponsored, nonprofi t ,  re- 
gional  centezs  f o r  the t r a n s f e r  of technology 
t o  indus t ry ,  l o c a l  government, and the p r iva t e  
sector i n  general .  Through TAC, access t o  
most of t h e  world 's  ava i l ab le  technica l  
information is  conveniently and inexpensively 
provided t o  p o t e n t i a l  u s e r s ,  regard less  of 
t h e i r  s i z e  or t echnica l  i n t e r e s t  a rea .  

Through its profess iona l  s t a f f ,  TAC o f f e r s  
a w i d e  v a r i e t y  or' t echnica l  inzormation and 
technological  support  s e rv i ces .  

You are i n v i t e d  t o  contact  the center d i r e c t l y  
for d e t a i l s  and a discussion or' how w e  can 
further serve your needs. 

. Technology Application Center 
University of New Mexico . 
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( 5 0 5 )  277-3622 
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Mexico assumes any l i a b i l i t y  f o r  its content  
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PREFACE 

HYDROGEN ENERGY is a continuing bibliographic summary with 
abstracts of research and projections on the subject of 
hydrogen as a secondary fuel and as an energy carrier. 
first volume was published in January, 1974 and is cumula- 
tive through December of 1973. 
able from the Technology Application Center, as are the 
quarterly update series for 1974, 1975, 1976 and the first 
two quarters of 1977. 

The 

Additional copies are avail- 

This update to HYDROGEN ENERGY cites additional references 
identified during the third quarter of 1977. It is the 

.. I, third in a 1977-quarterly series intended to provide "current 
awareness" to those interested in hydrogen energy. 

For the reader's convenience, a series of cross indexes are 
included which track directly with those of the cumulative 
volume. See "Guide to Use of the Publication." 

- 
I /  

A library containing some of the articles and publications 

established and the Center will, on a cost-recovery basis, 
aid readers to obtai3 copies of any cited material. 
a considerable effort has been made to insure that the bibliog- 
raphy is complete, readers are encouraged to bring any omissions 
to the attention of this Center. 

- referenced in this update and the cumulative volume has been 
-. - . 

Although 

The Technology Application Center is one of s i x  Industrial 
Application Centers established by NASA's Technology Utiliza- 
tion Program to evaluate and disseminate new technology to 
the general public and commercial business. 
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G U I D E  TO USE OF THIS PUI3LICATION 

A number of f e a t u r e s  have been i n c o r p o r a t e d  t o  h e l p  t h e  
r e a d e r  u s e  t h i s  document. They c o n s i s t  o f :  

I -  
~ 

I 

:. . - 

-- A TABLE O F  CONTENTS l i s t i n g  g e n e r a l  c a t e g o r i e s  
of s u b j e c t  c o n t e n t  and indexes .  More s p e c i f i c  
coverage by s u b j e c t  keyword, t i t l e ,  a u t h o r ,  o r  
c o r p o r a t e  source i s  a v a i l a b l e  through t h e  appro-  
p r i a t e  i ndex .  

-- CITATION NUKBERS a s s igned  t o  each  r e f e r e n c e .  These 
numbers, w i t h  t h e  p r e f i x  o m i t t e d ,  are  used i n s t e a d  
of page numbers t o  i d e n t i f y  r e f e r e n c e s  i n  t h e  v a r i o u s  
indexes .  They a r e  a l s o  used  as TAC i d e n t i f i e r  
numbers when d e a l i n g  w i t h  document o r d e r s  so p l e a s e  
use t h e  e n t i r e  ( p r e f i x  i n c l u d e d )  c i t a t i o n  number when 
co r re spond in2  w i t h  TAC r e g a r d i n g  a r e f e r e n c e .  An 
open ended numbering s y s t e m  f a c i l i t a t e s  easy  i n c o r -  
p o r a t i o n  of subsequent  u p d a t e s  i n t o  t h e  o r g a n i z a t i o n  
of t h e  m a t e r i a l .  I n  t h i s  system, numbers a s s i g n e d  
t o  new c i t a t i c n s  i n  each c a t e g o r y  w i l l  f o l l o w  d i r -  
e c t l y  t h e  l a s t  ass igned  numbers i n  t h e  p r e v i o u s  
p u b l i c a t i o n .  The  c i t a t i o n  number of t h e  l a s t  refer- 
ence on each  page appears  on t h e  upper r igh t -hand 

. c o r n e r  of t h a t  page t o  f a c i l i t a t e  q u i c k  l o c a t i o n  of 
a s p e c i f i c  i t e m .  

-- DIVIDER PAGES a t  t h e  beginning of each  major sec- 
t i o n s  con ta in ing ,  t h e  s e c t i o n  number a n d  t i t l e .  
When a s u b s e c t i o n  h a s  n o  c i t a t i o n s  fo r  t h a t  p a r t i -  
c u l a r  upda te ,  a d i v i d e r  page w i t h  t h e  s u b s e c t i o n  
number and t h e  n o t i c e  " N o  C i t a t i o n s  i n  T h i s  Category" 
is i n s e r t e d  where t h a t  s u S s e c t i o n  would normally 
appear .  

-- A REFERENCE FOFUIAT c o n t a i n i n g  t h e  TAC c i t a t i o n  
number,  t i t l e  of r e f e r e n c e ,  a u t h o r ,  c o r p o r a t e  
a f f i l i a t i o n ,  r e f e r e n c e  source. ,  c o n t r a c t  o r  g r a n t  
number, a b s t r a c t ,  and keywords. The r e f e r e n c e  
source  t e l l s ,  t o  t h e  b e s t  o f .  o u r  knowledge, where 
t h e  reference came from. If f r o m  a p e r i o d i c a l ,  t h e  
reference s o u r c e  c o n t a i n s  t h e  p e r i o d i c a l ' s  t i t l e ,  
volume number, page number,  and d a t e .  I f  f o r  a 
r e p o r t ,  t h e  r e f e r e n c e  source  c o n t a i n s  t h e  r e p o r t  
number a s s i g n e d  by t h e  i s s u i n g  agency, number o f  
pages,  and d a t e .  
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--An I N D E X  OF AUTHORS a lphabet ized  by a u t h o r ' s  l a s t  
name. 
r e f e r e n c e ' s  c i t a t i o n  number. 
each  a u t h o r  i s  l i s t e d  i n  t h e  index. 

A r e f e r e n c e ' s  au tho r  is  followed by the  
For m u l t i p l e  au tho r s ,  

. .  .. 

--An I N D E X  O F  PERYUTED TITLES/KEYWORDS affords  access 
through major words i n  the  t i t l e  and through a n  
a s s igned  se t  of keywords fo r  each c i t a t i o n .  A r e f -  
e r e n c e ' s  t i t l e  is  followed by t h e  r e f e r e n c e ' s  c i t a -  
t i o n  number. I n  t h e  indexes,  a l l  t h e  words p e r t a i n i n g  
t o  a r e f e r e n c e  are  permuted a l p h a b e t i c a l l y .  
t h e  c i t a t ion -number  fo r  a r e f e r e n c e  appears  as  many 
times as t h e r e  are  rna3or t i t l e  words o r  keywords f o r  

of an  index page. The r e s t  of the t i t l e  o r  keywords 
appear  a d j a c e n t  t o  a permuted word. S ince  a t i t l e  
or  se t  of keywords i s  allowed only  one l i n e  p e r  per- 
muted word +be beginning, t h e  end, o r  bo th  ends of a 
t i t l e  o r  s e t  of keywords may be c u t  o f f ;  o r ,  i f  space  - 
permi ts ,  it will be continued a t  t h e  o p p o s i t e  s i d e  of 
t h e  page u n t i l  it runs  back i n t o  i t s e l f .  A # i n d i c a t e s  
t h c  end of  a title or s e t  of keywords w h i l e  a / i n d i -  
cates where a t i t l e  o r  s e t  of keywords has been c u t  
off w i t h i n  a l i n e .  

Thus, 
..* 

'. t h a t  r e f e r e n c e .  The permuted words run  down t h e  c e n t e r  

- 
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I GENERAL: CONCEPTS, COMFERENCES, SURVEYS, REVIEVS 

H77 10282 ENERGY FACT BOOK-1977 

Anon, (Tectra Tech Inc., Arlington, VA) , 446 p .  Apr 1977, TETWT-A- 

The Energy Fact Book-1977 summarizes the present U.S. Energy 
situation; Energy R and D Legislation; Federal Government Energy R 
and D; and International Energy R and D. It includes a brief descrip- 
tion of the various processes and developments qelated to hydrocarbon 
fuels, synthetic fuels, non-hydrocarbon energy 'sources and energy con- 
servation. 

642-77-306, AD-A038 802/5wE 

... .-. 

( U . S .  ENERGY RESOURCES, DEVELOPMENTS, LEGISLATION) 

H77 10283 THE HYDROGEN ECONOMY: A PRELIMINARY TECHNOLOGY ASSESSllENT 

Dickson, E-M., Ryan, J.W., Smulyan, M.H., (Stanford Research Inst., 
Menlo Park, CAI, NSF/R\-760491, 407 p., Feb 1976, PB-266 607/1WE 

it is not a naturally occurring energy form. This report addresses 
-.the question of the feasibility of the use of hydrogen as a fuel. 
though it is generally believed that hydrogen might soon become less 
expensive than petroleum, competition along fuels in the energy market- 
place and the need to derive hydrogen from other energy sources will 
insure that hydrogen does not become less expensive than alternatives 
for a very long time. Transitions involving change in basic infrastruc- 
ture technologies, systems and institutions are difficult to effect 
because new, embryonic systems must compete with established systems, 
often at a price disadvantage. This report includes the following: 
(1) summary and recommendations; (2) technology assessment and enerqy 

'-. in the future; ( 3 )  hydrogen technologies, present and projected; ( 4 )  
competing and complementing technologies, present and projected; (5) 
economics of hydrogen; (6) transition to a hydrogen economy; and (7) 
consequences of a hydrogen economy. 

Hydrogen must be manufactured from basic energy resources since 

Al- 

(TECHNOLOGY ASSESSMENT, HYDROGEN ECONOMY, FEASIBILITY) 

H77 10284 STATUS OF THE HYDROGEN-ENERGY SYSTEM CONCEPT 

. Gregory, D . P . ,  (Institute of Gas Technology, Chicago, IL), 25 p., 1976, 
World Gas Conference; London, United Kingdom of Great Britain and 
Northern Ireland, United Kingdom, June 7, 1976, CONF-760681-1 

Much attention has been given to the concept of using hydroqen as 
a gaseous carrier of energy produced from the new sources, such as 
nuclear and solar, to conventional energy users. The natural gas in- 
dustry has an opportunity to share in the delivery of the energy from 
these new sources by using its existing pipelines and marketing capa- 
bility to distribute hydrogen, if hydrogen fuel is truly a viable con- 
cept. This paper reveiws the status of the considerable research on 
the electrochemical and thermochemical production; pipeline transmission, 
cryogenic, hydride, and pressure storage of hydrogen; and on theuseof 
hydrogen as a fuel for vehicles, aircraft, and other domestic purposes. 

. 

1 
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I Before hydrogen can take its place as a useful and economical energy 
carrier, more technical information is neec-ed in areas of pipeline 
and compressor materials, compatibility cl' Eistribution systems, and 
tolerance of utilization devices to mixtczs of hydrogen and methane 
and considerably more effort must be devc=.zE to developing hydrogen- 
production techniques that will reduce hyl=3genrs cost. 

(DISTRIBUTION, PRODUCTION, STORAGE) 

H77 10285 HYDROGEN ENERGETICS AND FUEL E Z L S  
0. .- 

Gurevich, I.G., Skundin, A.M., (Inst of H z z t  and Mass Exchange, Yinsk), 
Vestsi Akad. Navuk BSSR, Ser. Fiz.-Energ. Zzvuk, p .  46-54, N3, 1976 
In Russian 

hydrogen-oxygen fuel cells) is made, and perspectives of their 
development are discussed. 

A short historical survey of the proklem of fuel cells (firstly, 

(FUEL CELLS, HISTORY, DEVELOPXENT) 

H77 10286 INEXHAUSTIBLE RESOURCES 

_Herman, S.W., Cannon,_. J .S . ,  (INFORM, Inc. , Yew York, NY) , Inexhaustible 
Resources of In Energy Futures: industry and the new technologies, 

resources of solar heating and cooling, sclar cells, solar thermal 
electric conversion, ocean thermal electric conversion, wind qenera- 
tors, nuclear fusion, and hydrogen production. Each of the seven 
chapters consists of two parts--an overview, or yeneral introduction 
to the status of the technology, followed by from 3 to 34 individual 
profiles of companies' projects in the technology. The overview sum- 

.-- marizes data on the technology, the environmental impact, the history, 
obstacles to commercilization, Federal and private programs, and a 
brief prognosis of the technology's future. 

'. p. 17-257, 1976 
This section, Section I, summarizes i3formation on nondepletable 

(TECHNOLOGY ASSESSMENT, ENVIRONMENTAL IMPACT) 

H77 10287 ENERGY AND PHYSICS 

Kapitsa, P.L.,  12 p . ,  1976, Translated from Usp. Fiz. Nauk, V 118:307- 
314, N2, 1976, ERDA-tr-225 

The energy crisis shows the need for additional energy sources. 
The cost effectiveness of various solutions to energy probelm are dis- 
cussed. Hydrogen fuel cells are very efficient, but the extremely small 
rate of diffusion in electrolytes renders the energy density very small. 
The best solution, according to the author, is fusion. Ion heating 
is a terrific problem, especially in Tokamaks. But there seem to be 
no fundamental obstacles, and hopefully more research will make fusion 
the answer to the energy problem. 

(COST EFFECTIVENESS, FUSION, HYDROGEN FUEL CELLS) 

2 
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H77 10288 HYDROGEN: AN ENERGY CARRIER WITH A FUTURE 

Keller, C . ,  B i l d  W i s s . ,  V 13:76-82, N 1 0 ,  O c t  1976, I n  German 

d iscussed  chemical secondary energy carr ier  hydrogen and i n d i c a t e s  
t h e  important  advantages of a hydrogen economy. I t  d e a l s  wi th  i t s  
release from w a t e r  by means of e l e c t r o l y s i s  and thermochemical c y c l e  
processes ,  t reats s a f e t y  a spec t s  and problems of t r a n s p o r t  and storage 
as w e l l  as t h e  u s e  o r  u s a b i l i t y  as f u e l  f o r  v e h i c l e ,  plane and rocke t  
and f i n a l l y  assesses how many 3,000 MGW high-temperature n u c l e a r  reactor 
p l a n t s  would be necessary i n  order  t o  r ep lace  a l l  of t h e  foss i l  f u e l s  
by hydrogen i n  t h e  year  2 , 0 0 0 .  

The a r t i c l e  o u t l i n e s  t h e  prospec ts  and problems of t h e  p r e s e n t  

L .- 

(HYDROGEN ECONOMY, DISTRIBUTION, SAFETY, UTILIZATION)  

H77 10289 ENERGY RESEARCH AND DEVELOPMENT PROGRAM PREPARED BY THE 
GOVERNMENT OF THE FEDERAL REPUBLIC OF GERMANY ANNUAL RE- 
PORT 1975 

Anon, (Kernforschungsanlage Jue l i ch  G.m.b.H., Germany), 540 p . ,  1 9 7 5 ,  

t h e  non-nuclear Energy R and D Program 1974-1977 i s  provided by means 
- o f  a l i s t i n g ,  d e s c r i p t i o n  and s t a t u s  summary of each sponsored p r o j e c t .  

The i n d u s t r i a l  concerns or  i n s t i t u t i o n s  r e spons ib l e  f o r  each p r o j e c t ,  
as w e l l  as t h e  ch ie f  subcont rac tors ,  and t h e  t o t a l  c o s t  of each p r o j e c t  
and t h e  government c o n t r i b u t i o n  a r e  a l s o  given. Project s p e c i f i c a t i o n s  
of program p r i o r i t i e s  are included f o r :  c o a l  conversion, mining tech-  
nology and c o a l  p repa ra t ion ;  prospect ing and d i s c l o s u r e  of o i l  and gas ;  
conversion, t r a n s p o r t ,  and s torage of  energy: and e f f i c i e n t  u t i l i z a t i o n  
of energy. 
on crude o i l  imports;  a reduct ion i n  energy losses: and secur ing  a 
long-term supply of energy from var ious  sources. 

NP-2 1 4  4 4 
Th i s  r e p o r t  i s  a con t inua t ion  of t h e  1 9 7 4  r epor t :  an account of 

The c h i e f  a i m s  of the program a re :  t o  reduce dependence 

-. -> - ~ 

(NON-NUCLEAR ENERGY RESEARCH, ENERGY PROJECTS, ENERGY SUPPLY) 

H77 1 0 2 9 0  PRODUCTION OF HYDROGEN FROM NUCLEAR ENERGY 

Gregory, D . P . ,  ( I n s t i t u t e  of Gas Technology, Chicago, I L O ,  18 p . ,  1975 
S y n t h e t i c  P i p e l i n e  G a s  Symposium, Chicago, I L ,  O c t  27 ,  1975 

t r o l y s i s ,  thermochemical processes ,  hybrid thermochemical/electrochem- 
ical  p rocesses ,  nuc lear  i r r a d i a t i o n ,  and nuc lear -ass i s ted  product ion 
from f o s s i l  f u e l s  i s  discussed.  

The u s e  of n u c l e a r  energy i n  t h e  product ion of hydrogen by elec- 

(ELECTROLYSIS, THERMOCHEMICAL PRODUCTION, HYDRIDE PROCESSES) 

H77 10291 SOLAR THERMAL POWER PLANTS 

Anon, S o l a r  Energy. Storage:  Making H While t h e  Sun Shines ,  Mosaic, 
V 5:23, N 2 ,  Spring 1 9 7 4  

means of energy s to rage  is  mentioned. 
The product ion of hydrogen by s o l a r  and wind power p l a n t s  as 

(POWER PLANTS, SOLAR, W I N D )  

3 
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I I I PRODIJCTION 

H77 20569 .4 P E L I M I N A R Y  SYSTEMS-ENGINEERING STUDY O F  AN ADVANCED 
NUCLEAK-ELECTROLYTIC HYDORGEN-PRODUCTION F A C I L I T Y  F I N A L  
REYORT 

E s c l i e r ,  W .  J . D .  , Donakowski, T.D. ,  Tisor,, R.R. ,  ( I n s t i t u t e  
nology, Chicago, I L ) ,  NkSA-CR--144230, 101 p . ,  D e c  1975, 

Avai1 :NTIS $5 ,50  
NAS8-30757; I G T  P K O J .  C562) 

I 

of Gas Tech- 
Cont rac ts  

An  advanced n u c l e a r - e l e c t r o l y t i c  hydrogen-production f a c i l i t y  
concept w a s  synthes ized  a t  a conceptual l e v e l  w i th  t h e  ob e c t i v e  of 
minimizing es t imated  hy6rogen-production costs.  
c l o s e l y - i n t e g r a t e d ,  fu l ly-dedica ted  (only hydrogen energy i s  produced) 
system whose cornDonen-ts and subsystems a r e  p red ic t ed  on "1985 technology. " 
The p r i n c i p a l  compcJnents a r e :  (1) a high-temperature gas-cooled re- 
actor (HTGR) o;?eratir,g a helium-Brayton,'ammonia-Rankine b ina ry  cyc le  
wi th  a helium reactor-core e x i t  temperature of 9 8 0 O C ,  
g e n e r a t o r s ,  (3)  hiqh-presscre ,  high-current-densi ty  e l e c t r o l y z e r s  
based on soiid-polymer electrolyte technology. 
3 , 0 0 0  M W t  HTGR t h e  Fac j - l i ty  is capable of producinq 8.7 m i l l i o n  s t d  cu 
m/day of hydrogen a t  ?. ipeline condi t ions ,  6 , 9 0 0  kFa. Coproduct oxygen 
i s  a l so  a v a i l a b l e  a t  p i p e l i n e  condi t ions  a t  one-half t h i s  volume. I t  
h a s  f u r t h e r  been shown t h a t  t h e  inco rpa ra t ion  of advanced technology 
p rov ides  an o v e r a l l  e z f i c i e a c y  uf about 43%, a s  compared with 25% f o r  
a contemporary n u c l e a r - e l e c t r i z  p l a n t  powering close-coupled contern-' 
porary  i n d u s t r i a l  e:actrolyzers. 

The concept i s  a 

( 2 )  a c y c l i c  d-c 

Based on an assumed 

(NUCLEAR-ELECTROLYTIC PRODC'CTION, ADVANCED FACILITY, SYSTEMS STUDY) 

H77 21131 NULTI-STEP CHEMICAL AND RADIATION PROCESS FCR THE PROGUC- 
T I O N  OF GAS 

Anon, (Texas G a s  Transmission Corp.) ,  8 p . ,  Feb 1 0 ,  1 9 7 6 ,  Netherlands 
P a t e n t  7,001,343/A, I n  Dutch 

The invent ion  d i s c l o s e s  a mult i -s tep chemical and r a d i o l y t i c  
p rocess  for t h e  product ion of gas such as hydrogen and oxygen. A 
h i g h l y  r a d i o s e n s i t i v e  gas  such hs carbon d ioxide  i s  i n j e c t e d  d i r e c t l y  
on to  t h e  reacti.cn chamber of a fusion r e a c t o r  and i s  molecular ly  d i s -  
sociated t o  form carbon monoxide and pure oxygen when t h e  fus ion  f u e l  
i s  burned. The carbon rnonoxi.de is then  mixed wi th  steam a t  an e l eva ted  
temperature  t o  form carbon diaxidc and pure hydrogen. The carbon 
d ioxide  i s  recyc led  and i n j z c t e d  i n t o  t h e  c e n t r a l  r e a c t i o n  chamber 
t o  complete a closed-loop process f o r  product ion of  pure hydrogen 
and oxygen a t  t h e  expense of w a t e r .  

(RADIATION PROCESS, CXEMICAL REACTION,  FUSION %ACTOR) 

4 
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H77 21132 PROCESS FOR THERMOCHEMICALLY PRODUCING HYDROGEN 

Bamberger, C.E., Richardson, D.M., (ERDA), 6 P., Dec 7 ,  1976, Filed 
date Jan 27, 1976, US Patent 3,996,343 

Hydrogen is produced by the reaction of water with chromium 
sesquioxide and strontium oxide. 
combined with other reactions to produce a closed-chemical cycle 
for the thermal decomposition of water. 

The hydrogen producing reaction is 

(THERMAL DECOMPOSITION, CHRONIUM OXIDE, STROfTTIUM OXIDE) 

H77 21133 THERMOCHEMICAL PRODUCTION OF HYDROGEN - MYTH OR REALITY 
Donat, G., Esteve, B., Roncato, J.P., (Gaz de France, Direction des 
Etudes et Techniques Nouvelles, Paris, France), Revue de L'Energie, 
V 28:252-268, April 1977, A77-32593, In English and French 

chemical cycles for producing hydrogen from water is described. A 
thermochemical system would do away with prior production of electricity 
(required by electrolytic processes for generating hydrogen) by making 
direct use of heat through a series of chemical reactions which consume 
only water on an overall basis, since all compounds other than hydrogen 
and oxygen are reformed by the time the cycle repeats itself. A 
thermochemical cycle is similar to a heat engine which produces a 
certain amount of potential work in the form of oxygen and hydrogen. 
The computer search used the variation of the free enthalFy function 
G rather than the enthalpy function H and analyzes irreversible processes. 
No thermochemical cycle competitive with electrolytic techniques was 
discovered. Although hybrid cycles which involve the use of some 
external electricity have not been fully analyzed. French future ra- 
search willfocus on electrolytic techniques for generating hydrogen, 

A computer approach to discovering economically attractive thermo- 

(THERMOCHEMICAL CYCLES, COMPUTER ANALYSIS, GIBBS..FREE ENERGY) 

H77 21134 REACTIONS IN THE ZNSE THERMOCHEMICAL CYCLE FOR HYDROGEN PRO- 
DUCTION 

Pearson, R.K.! Krikorian, O.H., Elson, R.E., Condit, R.H., (California, 
University, Livermore, CAI, Dreyfuss, R.M., (Hostos Community College, 
Bronx, NY), I ti EC - Industrial and Engineering Chemistry, Product 
Research and Development, V 16:70-78, Mar 1977, W- 405-ENG-48, A77- 
24854 

The two key steps in the ZNSE thermochemical cycle for hydrogen 
production from water have been experimentally studies in some detail, 
In the more critical step of the two, ZNO is reacted with SE and SO2 
to form a mixture of ZANSE and ZNS04. This reaction has been found to 
proceed quantitatively at 7700K and to reach approximate equilibrium 
in 30 minutes for the second key step, which requires hydrolysis of ZNSE 
to give H2SE, both aqueous H2SO4 and HCL were investigated as hydro- 
lysis agents. It was found that HCL is much more effective than H2SO4 
for this purpose. Other reactions that were given preliminary consid- 
eration were (1) the thermal decomposition of ZNSO4, (2) the thermal 
decomposition of H2SE and ( 3 )  the formation of sulfuric acid from SO3. 
On the basis of these studies, it is concluded that the ZNSE cycle is 
a scientifically feasible method for production of hydrogen from water. 
(THERMOCHEMICAL CYCLE, SULFURIC ACID, PYROLYSIS) 
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H77 21135 FIELDS OF NUCLEAR POWER APPLICATIONS 

Laue, H.J., (Gesellschaft fuer Kernforschung m.b.H., Karlsruhe 
Germany), 18 p . ,  1975, CONF-7509129--107, AED-Conf--75-769-077, Meeting 
on nuclear power plant project planning and implementation, Karlsruhe, 
German, Federal Republic of Germany, Sept 17, 1975 
Avai1:NTIS 

ent from electricity generation, i.e. district heating, sea water 
desalination, coal gasification, and nuclear splitting of water. 

The paper deals with nuclear power application in fields differ- 

(NUCLEAR SPLITTING, POWER PLANTS) 

H77 22032 HYGAS PROCESS DEVELOPMENT 

Anastasia, L.J., Bair, W.G., (Institute of Gas Technology, Chicago, IL) , 
8 p . ,  1976, CONF-761016-5 

The HYGAS Process is a high-temperature, high-pressure, fluidized- 
bed process designed to maximize production of methane gas from all 
types of coal as a supplement to America's gas supplies. The Institute 
of Gas Technology conceived the process and the U . S .  Energy Research 
-and Development Administration and the American Gas Association are 
currently funding it. Experimental process development is proceeding 
in a pilot plant which feeds 3 tons/hr of coal to produceanominal 1.5 
X 10 exp 6 ft exp 3 of pipeline-quality gas per day. Development 
studies using a Montana lignite containing 1% S have been completed. 
The gasificcition of Illinois No. 6 bituminous (ca.3% S) coal has been 
demonstrated and current work is directed toward gasification of a 
subbituminous coal from the Rosebud seam. 

(HYGAS, COAL GASIFICATION,, METHANE PRODUCTION) 

H77 22033 METHANATION: WITH HIGH THERMODYNAMIC EFFICIENCY ENERGY 
RECOVERY 

Biery, J.C., (Los Alamos Scientific Lab., Los Alamos, NX), 27 p . ,  Jan' 

sis gas from coal in two important ways. The first is in the methana- 
tor itself where the heat pipes are used for catalyst cooling, temper- 
ature control and high-temperature isothermal energy recovery. The 
second involves recovering thermal energy in the exit gas stream from 
the methanator and using it to preheat the methanator inlet stream and 
also to produce steam from condensed water from the exit stream. Costs 
of the methanator and the recuperator appear to be somewhat lower than 
comparable units designed by El Paso Natural Gas Co. for their metha- 
nation plant at the Four Corners area. The extraction of the heat iso- 
thermally at high temperature and the efficient recuperation of the 
energy between the inlet and outlet gas streams make the present unit 
attractive. 

1977, LA-6656-MS 
Heat pipes could be utilized in the process of methanating synthe- 

(HEAT PIPES, COAL GASIFICATION, ECONOMICS) 
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I H77 22034 ASSESSiYENT OF DOSIMETRY REQUIREMENTS AND TECImIQCZS 
FOR MEASURING POLYCYCLIC AROMATIC HYDROCARBONS 

Hawthorne, A.R., Gammage, R.B., Simpkin, D . J . ,  (Oak Ridge National 

A prediction by ERDA is that, within a decade, 10 exp 6 
barrels/day of synthetic fuel will come from liquefaction of csal. 
The coproduction of highly carcinogenic polycyclic aromatic hydro- 
carbons (PAH) will necessitate much better dosimetry and means of 
personnel protection than exist today. 

. m .-- for measuring PAH and gas chromatography with mass spectroscopy, 
and fluorescence spectroscopy. Several newly developed, or 
developing techniques, may also lend themselves to PAH dosimetry. 
These include low-temperature Fourier transforn infrared spectro- 
metry, time-resolved fluorescence, room-temperature phosphorescence, 
portable mass spectrometry and second derivative spectrometry. 
Special emphasis is given to potential use of the second deriva- 
tive spectrometer for dosimetry purposes. 
and limitations of these techniques for characterizing and mea- 
suring PAH under various conditions (vapor, liquid, solid or 
aerosol) are discussed. 

Lab., T N ) ,  13 1976, CONF-770301-4 

Traditional techniques 

Some of the advantages 

(FUEL SYNTHESIS, COAL LIQUEFACTION, CARCINOGENS) 

H77 22035 STATUS OF THE HYGAS PROGRAM 

Lee, B . S . ,  (Institute of Gas Technology, Chicago, IL), 20 p., 

The significant achievements in the continuing development 
of the HYGAS Process by the Institute of Gas Technology since . 

the last Synthetic Pipeline Gas Symposium in October 1975 are - 
recounted. 

.-- reached in the HYGAS program: (1) the pretreatment section pro- 
duced suitable feed to the gasifier from a highly caking bitu- 
minous coal during sustained operation; (2) the technical feasi- 
bility of operating the integrated HYGAS-Steam/Oxygen gasifica- 
tion system was demonstrated in extended self-sustained operation 
using highly caking bituminous coal as a feed; and (3) gasification 
tests with Montana Rosebud seam subbituminous coal were begun in 
September 1976. 

’. 
1976, CONF-761064-4 

During this year the following milestones were 

(HYGAS , COAL GASIFICATION, STEAM OXYGEN GASIFICATION) 

H77 22036 PRODUCTION OF AMXONIA USING COAL AS A SOURCE OF 
HYDROGEN Annual Report 

Laukhuf, W.L., (Kentucky Univ., Lexington, Inst. for Mining and 
Minerals Research, K Y ) ,  54 p., Oct 1976, PB-259388/7, IMMR12- 
PD10-76, N77-20613 

The economic feasibility of using a coal gasifier as the 
. Avai1:NTIS 

required hydrogen production step in an ammonia synthesis plant 
was investigated. 
large quantities of natural gas (the normal hydrogen feedstock 
f o r  ammonia synthesis) could be released for other uses. A 

If such a technique was found to be feasible, 

7 



thermodynamic equilibriuq model was used to predict the amount of 
hydrogen produced from a high-sulfur Western Kentucky coal feed- 
stock for several coal gasification schemes, 
that several existing gasifiers could produce sufficient hydrogen 
so that ammonia processed in an integrated coal gasification- 
ammonia synthesis plant would cost less to produce than the current 
selling price. 
per ton. 
modifications in operating conditions, could also produce ammonia 
for less than $200 per ton. 
were identified for such an integrated plant. 

It was estimated 

Costs to produce the ammonia were as low as $122 
It was also found that other gasifiers, with only slight 

Problem areas requiring further stu6y 

m .- (COAL GASIFICATION, HYDROGEN FEEDSTOCK, AP!!ONIA SYNTHESIS) 

0 

.? - . 

H77 22037 PARTIAL LIQUEFACTION OF COAL BY DIRECT HYDROGENATION 
FIFTH QUARTERLY PROGRESS REPORT, JULY-SEPTEMBER 1976 

Oberg, C.L., (Rockwell International Corp., Canoga Park, CA, 
Rocketdyne Div.), 13 p . ,  Dec 2, 1976, FE-2044-15 

Twelve additional 1/4-TPH reactor tests were made. Opera- 
tional problems were largely solved and relatively high conver- 
si0r.s were obtained. Tn addition, the product analysis pro- 
cedure has been critically reviewed to assure that there are no 
errors in the methods. None were found. Facility construction 

has occurred. 
.of the 1-TPH reactor-system is proceeding rapidly but some slippage 

(HYDROGENATION, COAL LIQUEFACTION, REACTOR TESTS) 

H77 22038 FOSSIL ENERGY PROGRAM REPORT, 1975-1976 VOLUXE IIra 
COAL GASIFICATION 0 

Seamans, R.C. Jr., White, P.C., (Energy Research and Development 
Administration, Washingtoh, DC), 111 p., 1976, ERDA-76-10 
NTIS $5.50 

In addition to an executive summary and a glossary, sections 
dealing with the following topics are included: Carbon Dioxide 
Acceptor Coal Gasification Process: Bi-Gas Process for the Genera- 
tion of Pipeline Gas ; Pipeline Gas by Hydrogasif ication (Hygas 
Process); Steam-Iron System for Production of Hydrogen: Synthane 
Process; Agglomerating Burner Process: Liquid Phase Methanation 
Combustion and Gasification Process; Advanced Coal Gasification 
System for Electric Power Generation; Low-Btu Gasification of 
Coal for Electricity Generation; Coal Gasification Combined-Cycle 
.System for Electric Power Generation; Low-Btu Fuel Gas; Desul- 
furization of Low-Btu Producer Gas: Technical and Engineering 
Services; the Coal Conversion System Technical Data Book; and 
Computer Modeling of Coal Gasification Reactors 

(HYDROGASIFICATION, COAL GASIFICATION) 

8 
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H77 22039 STATUS OF THE STEAM-IRON PROGRAM 

Tarman, P.B., ( I n s t i t u t e  o f  Gas Technology, Chicago, I L )  , 17 p . ,  
1975, (Cont rac t  E(49-18)-2435), CONF-7510149-3, From 7 t h  s y n t h e t i c  
p i p e l i n e  gas  symposium; Chicago, I L ,  O c t  27, 1975 

The p i l o t  p l a n t  design and cons t ruc t ion  are d iscussed .  Sup- 
p o r t i n g  s t u d i e s  c a r r i e d  out include tests t o  e s t a b l i s h  t h e  opera- 
t i n g  cond i t ions  necessary f o r  non-agglomerating, f l u i d i z e d  bed 
reducing gas  product ion.  
lish t h e  o p e r a t i n g  ranges of t h e  char-water s l u r r y  feed  system. 
Computer s t u d i e s  w e r e  made t o  e s t a b l i s h  t h e  o p e r a t i n g  range of 

A program 
w a s  begun t o  e v a l u a t e  o t h e r  chars f o r  u se  i n  t h e  p i l o t  p l a n t  and 
t o  develop i r o n  s o l i d s  f o r  future o p e r a t i o n  of t h e  process .  

. 

S l u r r y  pumping tests w e r e  made t o  es tab-  

. 0. -.. t h e  combined prcducer and steam-iron r e a c t o r  system. 

(COAL CHAR, PILOT PLANT DESIGN, FLUIDIZED BED REDUCTION, FUEL 
GAS PRODUCTION) 

-. 

H77 22040 STATUS OF THE STEAM-IRON PROGRAM 

Taman,  P.B. ,  Punwani, D.V., ( I n s t i t u t e  of G a s  Technology, ChicaTo, 
I L )  , 11 p. , 1976, (Cont rac t  E (49-18)-2435), CONF-761064-5, From 
8 t h  s y n t h e t i c  p i p e l i n e  gas  symposium; Chicago, IL ,  O c t  18, 1976 

mechanical completion w a s  achieved i n  J u l y  1976. 
r e a c t o r s  and of t h e  steel  deckwork around them w a s  completed i n  
March 1976. During t h e  l a t t e r  s t ages  of p l a n t  c o n s t r u c t i o n ,  
e f f o r t s  w e r e  concent ra ted  on commissioning of t h e  p e r i p h e r a l  
systems. 
of  l onge r  d u r a t i o n  w i l l  be necessary and more concent ra ted  slurries 
w i l l  have t o  be vaporized,  it i s  be l i eved  t h a t  t h e  p r i n c i p l e  
of high-pressure slurry vapor iza t ion  was demonstrated. 

underway. 
i r o n  s o l i d s  f o r  use  i n  t h e  steam-iron process .  Sixty-seven 
a t t r i t i o n  tests and 56 r e a c t i v i t y  tests have been made on a v a r i e t y  
of c a t a l y s t s  and suppor t  m a t e r i a l s .  
duc ted  wi th  a Western Kentucky bituminous c o a l  cha r ,  

(COAL CHAR, FLUIDIZED BED REDUCTION, CATALYST TESTING) 

- *  Const ruc t ion  of t he  p i l o t  p l a n t  began i n  September 1975; 
Erec t ion  of t he  

T h e  s l u r r y  vapor i ze r  has been t e s t e d ,  and al though tests 

The i n t e r n a l  
,.. r e f r a c t o r y  l i n i n g  has  been cured. Severa l  suppor t  programs are 

T h e  k i n e t i c  s t u d i e s  program is  t o  develop improved 

Twenty-six tests were con- 

H77 22041 L I Q U I D  PHASE LYETHANATION QUARTERLY REPORT, APRIL 1, 
1976-JUNE 30, 1976 

Anon, (Chem Systems, Inc. ,  New York, NY), 75 p. ,  June 30, 1976, 

A l l  chemical and phys ica l  p roper ty  ana lyses  w e r e  completed 
on t h e  p o l i s h i n g  r e a c t o r  c a t a l y s t  (CRG-A) samples. All f o u r  1000- 
hr-dura t ion  runs i n d i c a t e d  a cons tan t  r e a c t o r  performance thrcugh- 
Out. Operat ions i n  t h e  la rge-sca le  PDU continued through Apr i l .  
S y n t h e s i s  feed gases  having a H sub 2/CO m o l a r  r a t i o  of 1.02 and 
1.40 w e r e  i n v e s t i g a t e d  with and  without  t he  direct i n j e c t i o n  of 
s t e a m .  The e f r ' iuent  gas coi~posi t ion wzs zcnitcred and f n ~ x ~ d  t_n 
be c o n s i s t e n t  i n  a l l  r e s p e c t s  with r e s u l t s  ob ta ined  i n  t h e  smaller 
bench-scale u n i t .  
LPM p i l o t  p l a n t .  

FE-1505-8 

. 

Negotiat ions w e r e  f i n a l i z e d  on completing t h e  
A d e t a i l e d  eva lua t ion  of t h e  LPM/S process  w a s  
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completed. 
two typical cases. Process flowsheets, heat and material balances 
and equipment specifications were prepared for both cases for a 
commercial-sized plant producing 250 MMM BTU/D of SNG. The 
results of the process evaluation demonstrate the economic 
attractiveness of the LPM/S process in commercial-sized SNG 
complexes. 

The economics of the LPM/S process were developed for 

(METHANATION, LIQUID PHASES, COAL GASTFICATION) 

. L .e- 

H77 22042 ENERGY RESOURCES REPORT 

Frank, A.L., V5:299, N30, July 29, 1977 
Air Products and Chemicals, Inc., Allentown, PA., has been 

selected to negotiate with Energy Research and Development Admin- 
istration for the design, construction and operation of a facility 
to produce hydrogen from gasification of coal for use in industrial 
processes. Located at Cedar Bayou, TX, near Baytown, the hydrogen 
from coal facility will convert1,210 tons of Texas lignite into 
29.5-million cu. ft. of hydrogen and 7 mmcf of carbon monoxide 
per day. Operation of the plant, estimated to cost $95- to  $125- 
million, could begin in 1981 and run for 15 years or more. As 
_explained by ERDA, two Koppers-Totzek gasifiers, a type on the 
market for 20-25 years, will use dried lignite ground to fine 
particles. 
oxygen under atmospheric pressure. 
3 , 500°F are achieved in producing the gaseous products. 
hydrogen will have a purity of 99% or more. 

This will be blown into the gasifiers with steam and 
Temperatures reaching almost 

Product 

(COAL GASIFICATION, NEGOTIATIONS, FUTURE FACILITYJ 

H77 22226 ENVIXONMENTAL CONSIDERATIONS OF SELECTED ENERGY CON- 
SERVING MANUFACTURING PROCESS OPTIONS: VOLUME IV 
PETROLEUM 

Anon, (Little, Arthur D. , Inc., Cambridge, MA), 193 p., Dec 1976, 
This study assesses the likelihood of new process technology 

and new practices being introduced by energy intensive industries 
and explores the environmental impact of such changes. Volume 
4 deals with the petroleum refining industry and examines five 
options: (1) direct combustion of asphalt in process heaters and 
boilers, (2) hydrocracking of vacuum bottoms, ( 3 )  flexicoking of 
vacuum bottcms, (4) internal electrical power generztion, ( 5 )  
hydrogen generation by partial oxidation, all in terms of process 
economics and environmental/energy consequences. 

EPA/600/7-76/034d, PB-264 270/0wE 

(TECHNOLOGY ASSESSMENT, ENVIRONmNTiZL IMPACT, PARTIAL OXIDATION) 
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H77 22652 SUPPLY OF LIQUEFIED NATURAL GAS TO THE NORTHEAST 

Bray, G.R., Julin, S . K . ,  Simmons, J . A . ,  (Erookhaven National Lab., 
Upton, NY), 103 p . ,  Apr 1976, BNL-50556 

The following aspects of the supply for liquefied natural gas 
to the northeastern part of the U . S .  are discussed: major facil- 
ities and equipment: institutional considerations and environmental 
impacts; site selection criteria; tine required to implement an 
LNG project; projected availability and reliability of supply; 
projection of future imports to the northeast region; cost pro- 

. * .*. jections; and secondary benefits. 

(LNG PROJECT, NATURAL GAS SUPPLY) 
- 

H77 23035 METHOD OF PRODUCING GAS MIXTURES CONTAINING W N L Y  
H2 AND CO BY NON-CATALYTIC PARTIAL-OXIDATION OF A 
HC-CONTAINING FUEL WITH A GAS CONTAINING FREE OXYGFN 
IN THE REACTION ZONE OF AN UNHINDERED-FLOW GAS 
GENERATOR -.. . 

Crouch, W.B. I (Texaco Developent Corp., New York, NY) , Geman 
Patent 2,450,961/A1 14-p., 1 tab, May 6, 1976, In German 

The production of the gas mixtures mainly containing H and 
CO takes place in an unhindered-flow gas enerator at an ado- 
genic temperature of about 816OC to 1,927 C and at a pressure of 
about 1 to 350 atmospheres. The partial oxidation is performed. 
in the presence of a temperature moderator (NH3), where the NH3 
is added together w i t h  the hydrocarbon-containing fuel into the 
reaction zone. The NH3-may be introduced in liquid form or as 
a gas, 
or pure oxygen. The hydrocarbon-containing fuel can be used in 
the following state: a) liquid hydrocarbons; b) gaseous nydro- 
carbons; c) oxidized organic hydrocarbon-containing materials; 
d) pumpable slurries of solid, hydrocarbon-containing fuels. The 
fuels are heated to 6490C before being introduced into the re- 
action zone. The temperature must be below the cracking tempera- 
ture. 

8 
r, 

The oxygen-'containing gas is air, oxygen-enriched air 

(HYDROCARBON OXIDATION, GAS GENERATION) 

H77 23036 DEEP SPACE MATERIAL SOUXCES - FROM ASTEROIDS FOR SPACE 
COLONIES 

Drexler, K.E., (MIT, Cambridge, M A ) ,  American Institute of 
Aeronautics and Astronautics, Inc., New York, NY, p .  29, 30, 1977, 
In Space Manufacturing Facilities Space Colonies; Proceedings of 
The Princeton Conference, Princeton, NJ, Nay 7-9, 1975, Dis- 
cussion, p .  30, 31, A77-3580116-22, A77-35805 

to advantage for the local support of deep-space colonies are 
discussed. Asteroids are judged equivalent "in virtually all 

Three ways of usixlg materiais present in L.Ln a a L G A v A u  q * A n * n G A  5elt 



resE;?cts" as a resource  base t o  t h e  e a r t h .  
o rganic  materials necessary t o  support  and develop co lon ie s  a r e  
available; hydrogen and water  resources ,  about  one-half t h e  o rgan ic  
materials c o n t e n t  of t e r r e s t r i a l  o i l  s h a l e ,  and i r o n  can be ac- 
quired. I r o n  i s  judged p resen t  i n  l a r g e  chunks (many KM i n  d i a -  
meter) down t o  f i n e  dus t :  it i s  viewed as s t rong ,  tough, d u c t i l e ,  
c o r r o s i o n - r e s i s t a n t ,  conta in ing  approximately 5% n i c k e l  and " f o r  
engineer ing  purposes.  . . super ior  t o  most of t h e  steel  produced on ... ea r th . "  Estimates are o f fe red  f o r  c a p i t a l  c o s t s ,  materials 
t r a n s p o r t a t i o n  c o s t s ,  processing c o s t s ,  and a thousand 1 0 0  megaton 
H-bombs f o r  processing.  

(ASTEROIDS, HYDROGEN RESOURCES, COST ESTIMATES) 

Energy, metals and 

H77 23037 METHOD FOR THE GENERATION OF HYDROGEN 

Hohne, H., U.S. P a t e n t  3,985,865, 4 p . ,  O c t  1 2 ,  1 9 7 6 ,  t o  Siemens 
Ak t i engese l l s cha f t ,  P r i o r i t y  da te  May 3 ,  1 9 7 4 ,  Federa l  Republic 
of Germany 

p a x t i c u l a r l y  f o r  t h e  generat ion of hydrogen f o r  f u e l  cel ls .  
hydrogen is generated through r eac t ion  of magnesium o r  a magnesium- 
aluminum mixture  wi th  water i n  t h e  presence of  a t  l e a s t  one c o b a l t  

t i o n a l l y  admixed t o  t h e  r eac t ion  mixture  a molybdenum compound, 
p a r t i c u l a r l y  a molybdenum oxide o r  a molybdenate. 

(CHEMICAL REACTORS, MAGNESIUM, COBALT OXIDE,  MOLYBDENUM OXIDE)  

The invent ion  provides  a method f o r  t h e  genera t ion  of hydrogen, 
The 

- -  oxide and a t  least  one water-soluble c h l o r i d e ,  t h e r e  being addi- 

* 

H77 23038 METHOD OF HYDROGEN PRODUCTION - 
,-- Schul ten ,  R., Teggers,  H . ,  Schuize-Bentrop, R . ,  German P a t e n t  

2 , 4 0 9 , 7 6 2 / A ,  5 p . ,  1 f i g . ,  O c t  9 ,  1975, t o  Rheinische Braunkohlen- 
werke A.G., I n  German 

c y c l e  process  works without  inorganic  s a l t s  and r e q u i r e s  only 
gases  and l i q u i d s .  Carbon oxide i s  c a t a l y t i c a l l y  converted i n t o  
carbon d ioxide  and w a t e r  by means of w a t e r  vapor.  The carbon 
d iox ide  i s  then converted i n t o  s u l f u r i c  a c i d  and carbon oxide us ing  
water and s u l f u r  d ioxide  a t  high temperatures and p r e s s u r e s ,  and 
t h e  s u l f u r i c  a c i d  i s  separa ted  i n t o  s u l f u r  d ioxide ,  oxygen and 
w a t e r  v i a  t h e  in te rmedia te  S02. 
led back i n t o  t h e  appropr i a t e  r eac t ion  s t a g e s  and hydrogen and 
oxygen are removed from t h e  process as end products.  
f low diagram is g i v e n ) .  

(SULFURIC A C I D  CONVERSION, W O N  O X I D E ,  SULFUR D I O X I D E )  

This  method of producing hydrogen from water i n  a mul t i s t age  

The SO2 and C02 thus  obtained a r e  

(A schematic 

H77 23218 FAST PRODUCTION OF METHANE BY ANAEROBIC DIGESTION PRO- 
GRESS REPORT, SEPTEMBER 2 4 ,  1976-OCTOBER 2 4 ,  1 9 7 6  
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23220 

Three modified five (5 )  liter standard baffled digesters are 
constructed and are 5eing loaded with a stock of thernophilic 
bacteria. Individual digesters will be acclimated at 4 8 ,  5 3  and 
58OC at 760 mm mercury absolute for the purpose of determining the 
effect of temperature on glucose loading rates. During the equili- 
bration period the relative concentrations of acetic, propionic 
and butyric acids will be determined in order to monitor any 
changes in bacterial populations. 

(ANmROBIC DIGESTION, GLUCOSE, BACTERIA) 

H77 23219 AN INQUIRY INTO BIOPHOTOLYSIS OF WATER TO PRODUCE . - ,.. 
~ 

HYDROGEN 

.i.. 

Lien, S., San Pietro, A., (Indiana Univ. at Bloomington, Dept. of 
Plant Sciences), 58 p . ,  1976, NSF/RA-760417, PB-263 680/1WE 

energy. It is concerned with the photoconversion apparatus of 
green plants that serves to convert absorbed solar energy into 
chemical free energy and thereby provides a non-polluting energy 
source-gaseous hydrogen. This process is the biophotolysis of 
wacer to yield hydro5en (and oxygen). Relevant information 
available in the literature is presented under three main topics: 
(1) Energy Efficiency of Biophotolysis of Water includes a dis- 

* cussion of the theoretical maximal energy conversion efficiency 
of PETS (Photosynthetic Electron Transport System) and a departure 
from theoretical maximal efficiency: (2) Stability of PETS in- 
cludes a discussion of photochemical degradation of PETS-photo- 
inhibition and photo-oxidation, inactivation of PETS, and stabili- 
zation of PETS in vitro; and ( 3 )  Hydrogenase includes a dis- 
cussion of the occurrence and general properties of hydrogenase, 
photoproduction of hydrogen, the oxygen sensitivity of hydrogenase 
and the preparation and stabilization of hyuogenase. 

This report is intended to serve as an assessment of solar 

(BIOPHOTOLYSIS , PHOTOCO~RSION) 

H77 23220 LONG-RANGE CONCEPTS: APPLICATIONS Or’ PHOTOSYNTHETIC 
HYDROGEN PRODUCTION AND NITROGEN FIXATION RESEAXCH 

Mitsui, A., (Univ. of Miami, FL), p .  653-672, 1976, In Capturing 
the S u n  through Bioconversion, Washington Center, Washington, 
DC, Mar 10, 1976, CONF-760354 

The use of the ability of marine photosynthetic organisms 
to produce hydrogen and fix introgen is discussed from the following 
aspects: fuel production, food production, advantages of the photo- 
synthetic system of marine microorganisms, the problem of solar 
energy bioconversion efficiency and approaches to solving the 
bioconversion efficiency problem. 

(BIOCONVERSION, EFFICIENCY TESTING, MARINE MICROORGANISM) 
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H77 23441 PERMEATION AND GETTERING O F  HYDROGEN ISOTOPES FOR CTR 
A!?PLICATIONS 

I 

I Swansiger,  W.A., Swisher,  J.H., West, L.  A . ,  Perk ins ,  W.G., 
(Sandia L a b s . ,  Livermore, C A ) ,  56 p . #  Apr 1 9 7 4 ,  SLL-74-0003 

tritium permeation and o t h e r  r e l a t e d  materials d a t a  f o r  t h e  
components of t h e  reactor t h a t  will be d i r e c t l y  associated wi th  
the containment and recovery o f  hydrogen i so topes .  These com- 
ponents a r e :  (1) F i r s t  w a l l  m a t e r i a l s ,  which are selected p r i -  
mar i ly  f o r  high-temperature s t r e n g t h  and resistance t o  ion i m -  

I p l a n t a t i o n  damage. ( 2 )  Heat exchanger hardware f o r  steam tur -  
bines .  ( 3 )  Divertors,  which remove unburned D-T gas  from t h e  
plasma f o r  r ecyc l ing .  

I The proposed program is  directed toward providing t h e  necessary 

I 

. c ... 

(HYDROGEN ISOTOPES, RECOVERY, CONTAINMENT, REACTOR *MATERIALS) 

H77 23639 IMPROVED SOLAR ENERGY CONVERSION EFFICIENCIES FOR THE 
PHOTOCATALYTIC PRODUCTION OF HYDROGEN V I A  T i 0 2  SEMI- 
CONDUCTOR ELECTRODES 

Houlihan, J.F., Ltladacsi, D.P., Walsh, E.J., Mulay, L . N . ,  
vania S t a t e  Univ., Sharon, PA), Mater. R e s .  B u l l ,  V11:1191-1198, 

Overall solar energy conversion e f f i c i e n c i e s  of  at least  
0.8 p e r c e n t ,  somewhat greater  than those  prev ious ly  reported, 
have been obta ined  i n  t h e  pho toca ta ly t i c  product ion of hydrogen 
us ing  Ti02 semiconductor electrodes prepared by h e a t  treatment of 
t i tanium m e t a l  f o i l s .  A s h i f t  i n  t h e  th re sho ld  frequency f o r  
hydrogen evolu t ion  toward energ ies  s l i g h t l y  lower t h a n  t h e  3 . 0 2  e V  
bandgap of T i 0 2  was observed Cor s o m e  of t h e s e  e l e c t r o d e s .  
r e s u l t  suppor ts  t h e  p o s s i b i l i t y  of u t i l i z i n g  a g r e a t e r  p o r t i o n  of  
t h e  solar spectrum, theceby increas ing  overal l  conver2ion e f f i c i e n c y  
even f u r t h e r .  A t e n t a t i v e  explanat ion of t h i s  s h i f t  involves t h e  
presence  of  mixed phases of t h e  titanium-oxygen system (Magneli 
phases)  i n  t h e  semiconducting f i l m .  

(Pennsyl- 

- " N 9 ,  Sep t  1976 

This 

.-- 

(PHOTOCATALYSIS, TITANIUM O X I D E ,  SOLAR ENERGY CONVERSION) 
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H77 30076 PERFORMANCE CHARACTERISTICS O F  TURBO-ROCKETS AND 
TURBO-RAMJETS U S I N G  H I G H  ENERGY FUEL 

Dini ,  D. ,  ( P i s a  Univ., I t a l y ) ,  In  Agard Var i ab le  G e o m e t r y  and 
Multicycle Eng., 30 P . ~  N77-22112 13-07, N77-22131 
Avai1:NTIS 

The aerodynamic and thermodynamic behavior of t u rbo rocke t s  
and turboramje ts  is considered. By m e a n s  of  v a r i a b l e  engir,e 
geometry, mu l t i cyc le  engines  meet a i r c ra f t  requirements f o r  take-  
o f f ,  cl imb, cruise, maneuver, l o i t e r ,  and landing.  Performance 
c h a r a c t e r i s t i c s  are evaluated f o r  t h e s e  condi t ions,  t ak ing  i n t o  
account v a r i a b l e  geometry i n  some i n t a k e  and exhaus t  conf igu ra t ions .  
Problems a r i s i n g  from f u t u r e  high energy f u e l s ,  p a r t i c u l a r l y  
hydrogen, impose changes i n  interface components, geometry and 
con t ro l .  Prelimina-ry des igns  of t u rbo rocke t s  and turboramje ts  
f o r  m i l i t a r y  and c i v i l  a p p l i c a t i o n s  are discussed. 

(AERODYNAMIC CHARACTERISTICS, ROCKET DESIGN, APPLICATION) 

H77 30077 AEROSPIKE THRUST CHAMBER PROGW--CUMULATIVE DAMAGE 
.- AND MAINTENANCE O F  STRUCTURAL MEMBERS I N  HYDROGEN 

OXYGEN ENGINES FINAL REeORT 

Campbell, J. Jr., Cobb, S.M. ,  (Rocketdyne, Canoga Park,  CA) I 

Avai1:NTIS 

oxygen/hydrogen aerospike  rocket  t h r u s t  chamber w a s  disassembled 
and p a r t i a l l y  r epa i r ed .  A d e s c r i p t i o n  is  presented  of t h e  aero- 
s p i k e  chamber conf igu ra t ion  and o f  t h e  damage it had su f fe red .  
Techniques f o r  a e r o s p i k e ' t h r u s t  chamber r e p a i r  w e r e  developed, 
and are descr ibed ,  covering r e p a i r  procedures f o r  l i gh twe igh t  
t u b u l a r  nozz les ,  t i t an ium t h r u s t  s t r u c t u r e s ,  and copper channel 
combustors. E f f o r t  w a s  terminated p r i o r  t o  completion of t h e  
r e p a i r s  and conduct of a planned h o t  f i r e  t es t  program when it 
w a s  found t h a t  t h e  copper alloy w a l l s  of many of t h e  t h r u s t  cham- 
b e r ' s  24 combustors had been degraded i n  s t r e n g t h  and d u c t i l i t y  
du r ing  t h e  i n i t i a l  f a b r i c a t i o n  of t h e  t h r u s t  chamber. The degrada- 
t i on  is discussed  and traced t o  a react ion between oxygen and/or 
oxides d i f f u s e d  i n t o  t h e  copper a l l o y  dur ing  f a b r i c a t i o n  pro- 
cesses and t h e  hydrogen u t i l i z e d  as a braz ing  furnace  atmosphere 
d u r i n g  the i n i t i a l  assembly opera t ion  on many of t h e  combustors. 
The effects of t h e  H2/02 r eac t ion  wi th in  t h e  copper a l l o y  are 
desc r ibed .  

NASA-CR-135169, 167 P O ,  R76-189, NAS3-20076, N77-21189 

An e x i s t i n g ,  b u t  damaged, 25,000-pound t h r u s t ,  f l i g h t w i e g h t ,  

-. 

(ENGINE DAMAGE, ENGINE MAINTENANCE, AEROSPI'KE THRUST CHAMBER) 



H77 30078 BURNER I1 INTERIM UPPER STAGE--FOR USE WITH SPACE 
SHUTTLE 

Kudish, H., (Boeing Aerospace Co., Seattle, WA), American Astronau- 
tical Society, S a n  Diego, CA, AAS 75-170, p .  715-718, 1977, In 
Space Shuttle Missions of the 80's; Proceedings of the Twenty- 
first Annual Heeting, Denver, CO, Aug 26-28, 1975, P a r t  2 ,  A77- 
36526 16-12, A77-36547 

IUS vehicles based on Burner I1 design are described. The 
expendable vehicle consists of a forward stage with a 4700-LB 
solid-propellant motor and an aft stage with an interstage, a 
20,000-LB solld-propellant motor, and an aft skirt structure. 
The avionics, telemetry, tracking and command system, thrust 
vector ccsltrol, hydrazine-fueled reaction control system, guidance 
and control, inertial navigation system and electrical power 
system are examined. 

. - . -  

(ROCKET ENGINE DESIGN, SPACE SHUTTLE BOOSTERS, SOLID PORPELLANT 
ROCKET ENGINES) 

H77 30079 ADVANCED TECHNOLOGY AND FUTURE EARTH-ORBIT TR?iKSPOR- 
TATION SYSTEMS 

* -  - .. 
Henry, B . Z . ,  Eldred, C.H., (NASA, Langley Research Center, Vehicle 
Analysis Branch, Hampton, V A ) ,  American Institute of Aeronautics 
and Astronautics and Princeton University, Conference on Space 
Manufacturing Facilities, 3rd, Princeton, NJ, AIAA Paper 77-530, 
10 p . ,  May 9-12, 1977, A77-32055 

The paper is concerned with the identification and evaluation 
of technology developments which offer potential for high return 
on investment when applied to advanced transportation systems. 
These procedures are applied in a study of winged single-state-to- 
orbit (SSTO) vehicles, which are considered feasible by the 1990's. 
Advanced technology is considered a key element in achieving 
improved economics, and near term investment in selected technology 
areas is recommended. 

-. - . 

(FUTURE TRANSPORTATION, SPACECRAFT DESIGN, TECHNOLOGY DEVELOPMENTS) 

H77 30080 PROGRAM DOCUMENTATION FOR ELAPSED TIME TO OXYGEN 
AND HYDROGEN CAUTION AND WARNING SYSTEM FOR CAPTIVE/ 
ACTIVE 1 AND 3 FLIGHTS 

Hast, J.E., 
and Services Div.), NASA-CR-151339, 8 p . ,  LEC-10443, JSC-12618, 
NAS9-15200, N77-23187 
Avai1:NTIS 

pute the elapsed time from T-0 disconnect (transfer to onboard 
reactant) to the caution and warning pressures for the primary 
oxygen (0 2) and hydrogen (H 2) systems Of orbiter vehicle (OV) 
iOi. 
test flights captive/active 1 and captive/active 3 .  

(Lockheed Electronics Co., Houston, TX, Systems 

High pressure gas storage simulation runs were made to com- 

The simi;lation FLZS were made for approach and landing 

(GAS STORAGE SIMULATION, ORBITER VEHICLE FLIGHT TESTS) 

i . *  

. 

.' 



~ . c .... 

.. . . .. 

H77 30081 LASER-HEATED ROCXET THRUSTER FINAL REPORT JUNE 1975- 
JUNE 1976 

Shoji, J . M . ,  (Rocketdyne, Canoga Park, CA), NASA-CR-135128, 187 P., 
R76-104, NAS3-19728, N77-24188 
Avai1:NTIS 

A space vehicle application using 5,000-kw input laser 
power was conceptually evaluated. A detailed design evaluation 
of a 10-kw experimental thruster including plasma size, chamber 
size, cooling and perfornance analyses, was performed for 50 
PSIA chamber pressure and using hydrogen as a propellant. The 
10-kw hardware fabricated included a water cooled chamber, an 
uncooled copper chamber, an injector, igniters and a thrust stand. 
A 10-kw optical train was designed. 

(PLASMA PROPELLANT , LASER HEATING HYDROGEN FUELS) 

H77 30082 ALTERNATE TUG/IUS APPROACHES--INTERIM UPPER STAGE FOR 
SPACE SHUTTLE 

Tischler, A.O., American Astronautical Society, San Diego, CA, 
AAS 75-140, p. 611-622, 1977, In Space Shuttle Missions of the 
80's; Proceedings of the Twenty-first Annual Meeting, Denver, CO, 
Aug 26-28, 1975, Part 2, 1977-36526 16-22, A77-36546 

Operating, economic and schedule objectives for the shattle 
upper stage are reviewedf and the performance and cost character- 
istics of upper stage candidates are discussed, It is concluded 
that a new tow-stage, solid-motor IUS, with a mass of about 26,500 
pounds is the most cost effective approach to IUS requirements. 
In addition, a hydrogen-oxygen stage, with a mass of about 22,500 
pounds and used with a booster stage comprising two perigee burn 
motors of the IUS, completes a payload deployment/recove&-y/re- 
placement system which is compatible with schedule constraints 
imposed by space progra, funding limitations. 

(ECONOMICS, HYDROGEN OXYGEN ENGINES, SPACE SHUTTLE) 

H77 30083 NEAR-TERM CHEMICALLY-PROPELLED SPACE TRANSPORT. 
\. SYSTEMS--TO SPACE COLONIES \. 

Tischler, A.O., American Institute of Aeronautics and Astron-tics, 
fnc., New York, NY, p. 71-75, 1977, In Space Manufacturing Facilities 
Space Colonies; Proceedings of the Princeton Conference, PrincG- 
ton, NJ, May 7-9, 1975, Discussion p. 75-76, A77035801 16-12, 
A77-35810 

Energy requirements and maneuver calculations for launching 
and conveying required loads from earth to L5 libration point, and 
from Low Earth Orbit (LOE) to a Lunar Parking Orbit (LPO) or to 
the lunar surface, are discussed. Data referable to placing 
50,000 tons and 10,000 ;?zrsons at L5 or in LOE and to delivery of 
200 persons and 3000 tons to the lunar surface, are presented and 
tabulated. Deployable-retrievable hydrogen-oxygen chemical pro- 
pulsion systems (single-stage or two-stage) - A- and a schedule for 
modular delivery of shuttle loads to LUP. are discussed. 

(PROPULSION SYSTEM, HYDROGEN OXYGEN ENGINE, SPACE TRANSPORTATION, 
ENERGY REQUIREMENTS ) 
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31046/32075 

H77 31046 MINIMUM ENERGY, LIQUID HYDROGEN SUPERSONIC CRUISE 
VEHICLE STUDY FINAL REPORT APR 21-OCT 17, 1975 

Brewer, G.D., Morris, R.E., (Lockheed-California Co., Burbank, CAI, 
NASA-CR-137776, LX-27347, 178 p . ,  Oct 1975, (Contract NAS2-87811, 
N7 6-17 101 
NTIS $7.50 

The potential was examined of hydrogen-fueled supersonic 
vehicles designed for cruise at Mach 2.7 and a Mach 2 . 2 .  The 
aerodynamic, weight and propulsion characteristics of a pre- 
viously established design of a LH2 fueled, Mach 2.7 supersonic 
cruise vehicle (SCV) were critically reviewed and updated. The 
design of a Mach 2.2 SCV was established on a corresponding basis. 
These baseline designs were then studied to determine the poten- 
tial of minimizing energy expenditure in performing their design 
mission, and to explore the effect of fuel price and noise restric- 
tion on their design and operating performance. The baseline 
designs of LH2 fueled aircraft were then compared with equiva- 
lent designs of jet A (conventional hydrocarbon) fueled SCV's. 
Use of liquid hydrogen for fuel for the subject aircraft provides 
significant advantages in performance, cost, noise, pollution, 
sonic boom and energy utilization. 

. m .-. 

(SUPERSONIC AIRCRAFT, PROPULSION, DESIGN ANALYSIS) 
. *  1 -  

H77 32074 A COMPARISON OF OPERATIONAL ECONOMICS OF TRANSPORTA- 
TION VEHICLES OPERATED ON GASOLINE AND COAL-GENERATED 
HYDROGEN 

Billings, R.E., (Billings,Energy Research C o r p . ,  Provo, UT), 
Marcel Dekker, Inc., New York, NY, p. 397-417, 1977, In Synthetic 
Fuels Processing Comparative Economics; Proceedings of the Sym- 
posium, New York, NY, Apr 4-9, 1976, A77-36326 16-44, A77-36343 

tional costs for a 350-vehicle taxi fleet and a 100-vehicle bus 
fleet. The historical background regarding hydrogen engines is 
reviewed, Problems of hydrogen storage are examined, taking into 
account the possibility to make use of metal hydrides. Attention 
is given to engine efficiency, aspects of air pollution, the 
efficiency of existing energy resource utilization, economics, 
and safety. The investigation shows that coal-generated hydrogen 
does have potential as a vehicular fuel for transportation. The 
best area for early implementation of the fuel is in fleet 
vehicles. 

An investigation is conducted concerning the vehicle opera- 

(ECONOMICS, VEHICLE OPERATION COST, VEHICULAR FUEL) 

H77 32075 DEVELOPMENTAL TENDS OF HYDROGEN VEHICLES USING 
HYDRIDE STORAGE TANKS 

Buchner, H., Saeufferer, H., 21 ? - ,  1976, ERDA-tr-238, Transla- 
t i o n  of German report 
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The utilization of hydrogen-driven vehicles was not practical 
until quite recently owing to the voluminous, dangerous and energy- 
consuming hydrogen storage in gaseous or liquid form. Only owing 
to the development of suitable metallic hydride storage tanks, 
i.e., with the help of alloys in which gaseous hydrogen is bound 
metallically in the lattice, does hydrogen propulsion make gains 
chiefly under the viewpoints of sparing petroleum reserves and its 
rising significance with respect to environmental pollution. For 
the last two years, hydrogen propulsion has been tested in connec- 
tion with hydride storage tanks at Dahler-Ben2 in practical 
operation with small transport vehicles. A discussion is given 
of the Mercedes-Benz experimental hydride vehicle and the refueling 
of the tank with gaseous hydrogen. - .-. 
(METAL HYDRIDE STORAGE, TRANSPORT VEHICLES 1 

H77 32076 HYDROGEN ENRICHMENT FOR AUTOMOBILES 

Cotrill, H., p. 134-143, 1976, ERDA-76-136, From Highway vehicle 
systems contractors coordination meeting: Ann Arbor, MI, May 1976 

In Highway vehicle systems contractors coordination meeting. 
Ter,th summary report. The system under development has the po- 
tential of meeting the stringent 0.4 gram per mile NOx standard, 
while at the same t h e  significantly improving fuel economy. The 

-‘concept uses hydrogen to extend the lean flamability Ihit of 
gasoline and thus permit combustion of the mixture to proceed 
at ultra-lean conditions. Combustion at these ultra-lean condi- 
tions improves the vehicle fuel economy as a result of inprovements’ 

chassis dynamometer, is a modified 1973 Chevrolet Impala wit5 a 
350 cu in. engine. The tests show that with the exception of the 
hydrocarbon performance the 1978 standards are readily met by. 
hydrogen enrichment. The fuel economy results of 13.7 mpg repre- 

13 percent mileage improvement over a 1975 vehicle. In addition, 
it can be concluded that the two level generator flow rate strategy 
is completely adequate. 

. in the engine thermal efficiency. The test vehicle, run on a 

.-- sent a 23 percent improvement over‘the stock 1973 vehicle and a 

(NOX EMISSION, HYDROGEN ENRICHMENT, GAS MIXTURES) 

H77 32077 HYDROGEN-ENRICHMENT-CONCEPT PRELIMINARY EVALUATION 
FINAL REPORT 

Ecklund, E., (Jet Propulsion Lab., CA, Inst. of Tech., Pasadena, 
CAI, NASA-CR-152814, 221 P., JPL-1200-237 TEC-75/007, N77-22290 
Avai1:NTIS 

A hydrogen-enriched fuels concept for automobiles is des- 
cribed and evaluated in terms of fuel consumption and engine ex- 
haust emissions through multicylinder (V-8) automotive engine/ 
hydrogen generator tests, single cylinder research engine (CFR) 
tests, and hydrogen-generator characterization tests. Analytical 
predictions are made of the fuel consumption and no/sub x/emissions 
which would result from anticipated engine improvements. The 
hydrogen-gas generator, which was tested to quantify i t s  thez,r;o- 
dynamic input-output relationships was used for integrated testing 
of the V-8 engine and generator. 

(HYDROGEN ENRICHMENT, FUEL CONSUMPTION, EXHAUST EMISSIONS) 
$9 



H77 32078 METHOD AND DEVICE FOR THE PRODUCTION OF GASES RICH 
I N  HYDROGEN 

Houseman, J., Rupe, J . H . ,  Kushida, R.O., German P a t e n t  2,439,873/A, 
2 1  p., 5 f i g s . ,  Mar. 13 ,  1975,  t o  NASA, I n  German 

Gases r i c h  i n  hydrogen f o r  d r i v i n g  motor v e h i c l e  engines  
can be produced by i n j e c t i n g  water i n t o  a mixture  of a i r  and 
hydrocarbon f u e l ,  a t  the i g n i t i o n  of which very h o t  combustion 
gases have r e s u l t e d  through p a r t i a l  ox ida t ion ,  where-by the  water  
is transformed i n t o  steam by the hot gases .  
a d d i t i o n a l  hydrocarbon f u e l ,  the gas r i c h  i n  hydrogen forms by 

. - .^ steam f i s s i o n .  Several types of such a hydrogen gene ra to r ,  which  
i s  compact and s u i t a b l e  f o r  passenger cars, are descr ibed .  P re -  
hea t ing  of t h e  gases  and t h e  t ransmission of them as well as 
dev ices  f o r  t h e  sens ing  of the temperatures are intended t o  
a s s u r e  t h e  r i g h t  moment f o r  the i n j e c t i o n s .  The complicated 
design and c o n s t r u c t i o n  necessary u n t i l  now f o r  hydrogen genera- 
t o r s  is e l imina ted  because a p a r t i a l  ox ida t ion  process  is used 
t o  gene ra t e  t h e  energy which i s  r equ i r ed  for  t h e  steam f i s s i o n  
r e a c t i o n .  

A f t e r  i n j e c t i o n  of 

(STEAM FISSION, HYDROGEN GENERATOR, PARTIAL OXIDATION) 

H77 33083 PREMIXED FLAME PROPAGATION CHARACTERISTICS I N  A 
SUPERSONIC AIRSTREAM 

Agnone, A.M., (New York Univers i ty ,  Westbury, NY) , Anderson, 
G.Y., (NASA, Langley Research Center,  Hypersonic Propuls ion Branch, 
Hampton, VA) , AIAA Journa l ,  V15:749-751, May 1977  

Measured va lues  of  flame angles  a r e  presented t o  a id  t h e  
design of  premixed combu8tion chambers and preduct ion of flame 
propagat ion.  Flame spread,  v e l o c i t y ,  and dependence of burning 
ra te  on the  p r o p e r t i e s  of unburned flow and on turbulence  l e v e l s  
are compared wi th  the  measured va lues .  The premixed flame angle  
i s  found p ropor t iona l  t o  t h e  amount of h e a t  r e l e a s e d ,  and cor re-  
la tes  r e a d i l y  w i t h  t h e  f u e l  mixture r a t i o  through the  r a t e  of 
h e a t  release o r  r a t e  of  water formation. F i n i t e  rate combustion 
a f f e c t s  flame angle  n o s t l y  a t  o f f - s to i ch iomet r i c  condi t ions .  
The p i l o t  a f f e c t s  the flame angle i f  abundant unburnt fuel  i s  
p r e s e n t  i n  the p i l o t  h o t  gases .  V i scos i ty  runs s e v e r a l  t i m e s  
over  t h e  rated level. 

-, . . 

(FLAME PROPAGATION , SUPERSONIC AIRSTREAM, COMSUSTISLE FLOW) 

H77 33084 SECONDARY GROWTH OF BASE PRESSURE DURING THE COM- 
BUSTION BEHIND AN AXISYMMETRIC BODY I N  A SUPERSONIC 
FLOW 

c 
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The effect of hydrogen combustion on the base pressure behind 
an axisymmetric body was studied in a supersonic wind tunnel at 
Mach numbers of 2 and 2.5. It was shown that heat release behind 
the body can lead to a secondary increase of base pressure, while 
an increase in the drag of the tunnel leads to a secondary increase 
of base pressure with less heat release. 

(COMBUSTION CHARACTERISTICS, BASE PRESSURE, WIND TUNNEL TESTS) 

H77 33085 THE TRANSITION TO INSTABILITY IN A STEADY ITIDROGEN- 
OXYGEN DIFFUSION FLAME 

Dongworth, M.R., Melvin, A., (British Gas C o g . ,  London, England), 
Combustion Science and Technology, V14:177-182, Nov 1976, A77- 
24972 

Blow-off of a streamwise diffusion flame does not usually 
show features intermediate between those characteristic of the 
burner-attached flame and a quasi-stable lifted flame. The 
present work has, however, characterized an unusual intermediate 
stage in the Uow-off of a lean hydrogen-oxygen diffusion flame, 
where the flame base takes on a stable cellular structure. From 
previous work, it is lcnown that, near extinction, there is tranz- 
fer of fuel through the base of the flame into the oxidant streun. 
The partial premixing resulting from such interstream transfer 

"('gives rise in the particular case of this lean flame to a com- 
posite premixed/diffusion flame structure at the flame base which 
is most probably responsible for the cellularity. 

(DIFFUSION FLAME, F W  PROPAGATION, COMBUSTION CHAMBERS) 

H77 33086 THE NOX EMISSION LEVELS OF UNCONVENTIONAL FUELS FOR 
GAS TURBINES 

P. 
-. - ~ 

H u n g ,  W.S.Y., (Westinghouse Electric Corp., Generation Systems 
Div., Philadelphia, PA), American Society of Mechanical Engineers, 

- ASME Paper 77-GT-16, 5 p . ,  Mar 27-31, 1977, Gas Turbine Conference 
and Products Show, Philadelphia, PA, A77-28535 

An experimentally verified NOX emission model f o r  gas turbines 
has been reported previously. The model has been modified to 
determine the NOX emission levels of various fuels as compared with 
No. 2 distillate oil. The NOX emission levels of various con- 
ventional and unconventionai gas-turbine fuels of interest are 
predicted. The predicted NOx emission levels for these fuels, 
including methanol, ethanol, propane, and hydrogen, are in good 
agreement with available laboratory and field data from stationaq, 
aircraft and automotive gas-turbine combustors. 
results should be applicable to other fuel-lean heterogeneous 
combus tion systems . 

The predicted 

(NOX EMISSION, EMISSION MODEL, COMBUSTION EMISSION) 
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H77 33087 NITRIC OXIDE FORMATION FROM FUEL AND ATMOSPHERIC 
NITROGEN 

Leonard, P.A., Plee, S . L . ,  Mellor, A.M. , (Purdue University, 
West Lafayette, IN), Combustion Science and Technology, V14:183- 
193, Nov 1976, DAAE07-73-C-0095, Research supported by the General 
Motors Corp., A77-24973 

equilibrium technique are compared with the Soete's (1973) overall 
rates and with data obtained in lean and rich laminar undoped 
CHq/air and C3H8/a'ir flames stabilized on a flat burner at equi- 

l . - - -  valence ratios of 0.8 and 1.25. It is found that the H2/02 tecn- 
niqpe predicts thermal fornation rates in the postflame region 
that are within the eqerinental errors for the flames examined 
and that the region of maximum thermal no formation occurs behind 

fuel no formation rates to within a factor of 10 for an ammonia- 
doped CHq/air flame. 
mediate postulated by De Soete for fuel no formation is HCN 
and that the no-forming step is CN i 02 yields CO + NO. 
(COXBUSTION PRODUCTS, ENVIRONMENTAL EFFECTS, REACTION KINETICS) 

The thermal no formation rates preducted by the H2/02 partial- 

I the flame. De Soete's overall expression is shown to predict 

It is suggested that the nitrogen inter- 

,.€I77 33088 COMBUSTION OF HYDROGEN INJECTED INTO A SUPERSONIC 
AIRSTXEAM (THE SHIP COMPUTER PROGRAM) FINAL REPORT 

Markatos, N.C., Spalding, D.B.r Tatchell, D.G., (Fluid Mechanics 
and Thermal System, Inc., Waverly, AL), NASA-CR-2802, 127 p . ,  
NAS1-14301, N77-21363 
Avail : NTIS - 

The mathematical and physical basis of the ship computer * 

program which embodies a finite-difference, implicit numerical 
procedure for the computation of hydrogen injected into a super- 
sonic airstream at an afigle ranging from normal to parallel to 
the airstream main flow direction is described. The physical 
hypotheses built into the program include a two-equation turbu- 
lence model, and a chemical equilibrium model for the hydrogen- 
oxygen reaction. Typical results for equilibrium combustion are 
presented and e-xhibit qualitatively plausible behavior. 
computer time required for a given case is approximately 1 minute 
on a CDC 7600 machine. A discussion of the assumption of parabolic 
flow in the injection region is given which suggests that improve- 
ment in calculation in this region could be obtained by use of the 
partially parabolic procedure of pratap and spalding. It is con- 
cluded that the technique described herein provides the basis for 
an efficient and reliable means for predicting the effects of 
hydrogen injection into supersonic airstreams and of its subsequent 
combustion . 

-, - . 

The 

(COMPUTER PROGRAMS, INJECTION, SUPERSONIC COMBUSTION) 
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H77 33089 CALCULATION OF CONDITIONS FOR COMBUSTION SEPARATION 
BEHIND A FLAT PROJECTION AND IN A RECESS IN THE SUPER- 
SONIC FLOW OF A HYDROGEN-AIR FUEL MIXTURE 

Meshcheriakov, E.A., Makasheva, O . V . ,  (Tsentral'nyi Aerogidrodin- 
amicheskii Institut, Moscow, USSR), Fizika Goreniia I Vzryva, 
V12:871-879, Nov-Dec 1976, A77-25881, In Russian 

theory of turbulent jets is applied to calculate the flow para- 
meters in separated combustion in the recirculation zones behind 
a flat projection and in a recess situated in the supersonic flow 

ics of hydrogen combustion in air is used in the calculations, 
including eight reactions for seven components. By the method 
it is possible to trace the effect or' various geometric and regime 
parameters on the stability limits of the operation of combustion 
stabilizers of a given type. 

Theory of isothermal reactors in combination with elements of 

- . - -- of a homogeneous hydrogen-air fuel mixture. Fairly complete kinet- 

(FLOW PARAMETERS, SUPERSONIC FLOW, REACTION KINETICS) 

b 

., 

H7' 33090 EXPERIMENTAL INVESTIGATION AND NUMERICAL CALCULATION 
OF A LAMINAR AXISYMMETRIC HYDROGEN-OXYGEN DIFFUSION 
FLAME 

I - ", 
Roertgen, H.G., (Rheinisch-Westfaelische Technische Hochschule, 
Aachen, West Germany), Waerme- Und Stoffuebertragung, V10:33-50, 
Nl, 1977, A77-28120, In German 

A description is given of results that were obtained in a 
research program which is concerned with the development of models 
for laminar free jet diffusion flames. The results considered 
include the distributions of the temperature, the velocity and the 
concentrations of the chemical components in a laminar hydrogen- 

- _  oxygen diffusion flame maintained at atmospheric pressure. Velo- 
city measurements were conducted with a iaser-doppler anemometer. 
Concentrations of the stable chemical components H2, 02 and H20 
were determined by analyzing with a mass spectrometer gas sainples 
obtained with the air of a water-cooled microprobe. The tempera- 
ture measurements were carried out with spectroscopic techniques 
and by means of thermoelements. Attention is also given to the 
system of differential equations for the model of the free jet 
diffusion flame, the numerical integration of the equation system, 
and a comparison of the computed data with the experimental values. 

(LAMINAR FLOW, CHEMICAL COMPONENTS, DIFFERENTIAL EQUATIONS) 

H77 33091 RATE COEFFICIENT FOR H + 0 2  + M = H02 + M  EVALUATED 
FROM SBOCX TUBE MEASUREMENTS OF INDUCTION TIMES 

Slack, M.W., (Grumman Aerospace C o r p . ,  Bethpage, NY), Combustion 
and Flame, V28:241-249, N3, 1977 

Shock tube experiments measured hydrogen-air induction times 
near the second explosion limit. By matching these experimental 
A C 5 3 U I L a  - I - WJ. - 2  LL. u& -..-A I&u(&=.L.A..\ru&&Y -4 -* 1 1 
coefficient for the reactlon H + 02 + M = H02 + M was evaluated 
as K-Sub 4,N2 =. 3.3 (+ - .6) x 10 to the 15 cm to the 6th/sq 
mole/s. 

-- Fre.'icted iEdGcticn times; the rate 

(REACTION KINETICS, SHOCK TUBE EXTERIMENTS , HYDROGEN OXYGEN ENGINES) 
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H77 33092 STUDIES ON XALIZXTION OF NORMAL COMBUSTION OF HYDROGEN 
IN SPARK-IGNITION ENGINES BY REDUCTION OF TEMPERATURE 
OF RESIDUAL BURNT GASES 

Vasilescu, C . A . ,  Ianovici, I., Soban, M., Revue Romaine Des 
Sciences Techniques, Serie Electrotechnique Et Energetique, 
V22:135-145, Jan-Mar 1977, A77-28050, In French 

The possibility of avoiding ignition by hot residual gases 
upon admission of air-hydrogen fuel mixture in a spark-ignition 
engine was investigated theoretically and experimentally. 
possibility studied is the reduction of the gas temperature in the 
cylinder by introducing air. The effect of fuel composition as 
cooling gas and the influence of recirculated burnt gases as 
moderators of the chemical reactions are studied. Results from 
an experimental motor are used to investigate these effects. 
study shows the advantage of high compression ratios and the 
effectiveness of cooling the residual gases by introducing air 
in the cylinder before admitting fresh fuel mixture. 

One 

- . -  

The 

(AIR-HYDROGEN FUEL I INTERNAL COMBUSTION ENGINE, CHEMICAL REACTIONS ) 

- u  

H77 34272 HIGX POIWER DENSITY FUEL CELL FOR AIRCRAFT HIGH POWER 
FINAL REPORT APR 1-MAIPCH 31, 1975 

Meyer, A . P . ,  Bell, W.F., (United Technologies Corp., South Windsor, 
CT, South Windsor Engineering Facility), 250 p . ,  May 1975, 
AD-A014828, FCR-0003 L 

Avail :NTIS 

experimental program which dernoristrated the feasibility of an 
ultra-lightweight fuel cell powerplant with a specific weight of 
less than 0.5 lb/kw for advanced aircraft applications. Full- 
scale single cells and 12-cell development units, the basic 
modular repeating subsection of which a complete powerplant is 
assembled, were constructed and successfully tested. 
sities up to 3000 watts/sq ft were demonstrated; this level is 
almost 50  percent greater than that required fo r  a competitive 
flightweight system. 
capability in excess of 600 baseline missions. 
power systems based on the as-demonstrated performance were 
defined. 
flight operational installation; i.e., powerplants, a reactant 
supply system and a cooling water supply system. 
the advantages of instant "on-of f 'I power supply capability and 
modular design. 
a broad range of air force mission requirements without adverse 
impact on performance or development schedule and cost. 

Pratt and Whitney Aircraft has conducted an analytical and 
,.. . 

Power den- 

Endurance tests demonstrated an operating 
Several complete 

These systems included all equipment required for a 

Each offers 

Modular design provides the flexibility to meet 

(AIRCIZAFT, FUEL CELLS, FEASIBILITY) 

. 
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H77 34650 COMPARISON OF POROUS SILVER CATALYSTS IN O2 ELECTRODES 
OF ALKALINE FUEL CELLS 

Mund, K., (Siemens A.G., Erlangen, Germany, Forschungslaboratorim), 
Siemens Forsch.-Entwicklungsber, V5:209-216, N4, 14 refs., 14 figs., 
2 tabs., 1976, In German 

In the present work a)  concepts treated in the literature on 
the reaction course of the electrochemical reduction of cxyger, on 
silver electrodes are outlined, b) the exchange current density 
on a rotating silver electrode is determined, c) various silver 
catalysts are described, d) the stationary polarization of sup- 
ported silver electrodes is calculated and compared with measured 

the polarization are determined using impedance measurements. 
. - .-. potential current density curves and finally, e) the causes of 

(SILVER CATALYSIS HYDROGEN FUEL CELLS) 

H77 34850 FUEL PROCUREMENT FOR FIRST GENERATION FUSION POWER 
PLANTS 

Gore, B.F., Hendrickson, P.L., (Battelle Pacific Northwest Labs., 
Richland, WA), 30 p., Sept 1976, BNWL-2012 

The provision of deuterium, tritium, lithium and beryllium 
fuel materials for fusion power plants is examined in this docu- 

-'mente Possible fusion reactions are discussed for use in first 
generation power plants. RequireEents for fuel materials are 
considered. A range of expected annual consumption is given for 
each of the materials for a 1000 megawatts electric (Me) fusion 

for an assumed fusion power plant electrical generating capacity 
af 10 exp 6 MWe (roughly twice present U.S. generating capacity) 
are also given. The supply industries are then examined for - 
deuterium, lithium and beryllium. Methods are discussed f o r  
producing the only tritium expected to be purchased by a commer- 
cia1 fusion industry--an initial inventory for the first plant. 
Present production levels and methods are described for deuterium, 
lithium and beryllium. The environmental impact associated Fiith 
production of these materials is then discussed. The toxicity 
of beryllium is described and methods are indicated to keep worker 
exposure to beryllium as low as achievable. 

b power plant. Inventory requirements are also given. Requirements 

,-- 

(DEUTERIUM FUEL, FUSION, ENVIRONMENTAL IMPACT) 

H77 34851 FIRST INTERNATIONAL CONFERENCE "CONVERSION OF BEFUSE 
INTO ENERGY" 

Rasch, R., Aufbereit-Tech, V17:88-90, N2, Feb 1976, From 1. inter- 
national conference on conversion of refuse into energy; Montreux, 
Switzerland, Nov 3, 1975, In German 

A discussion is given on lectures presented at a meeting on 
the use of wastes as energy sources. Waste processing by the 
following methods were discussed: (I) mechanically by processing 
and briquetting; ( 2 )  biologically by anaerobic and aerobic treat- 
ment; ( 3  j tnermaiiy by drying and deqasif icat ion ipy~oi~sisi ; 
(4) chemically by gasification (synthesis gas) and hydrogenation; 
and (5) energetically by gasification (fuel gas) and combustion. 

(WASTE UTILIZATION, PROCESSING, HYDROGENATION) 
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I V ,  TRANSMISSION, DISTRIBUTION, AND STORAGE 

H77 40011 SHOCK COMPRESSION OF LIQUID HYDROGEN IN VARIOUS EXPERI- 
MENTAL GEOMETRIES 

Bordzilovskii, S.A., Silvestrov, V.V., Titov, V.M., (Akademiia I 

Dynamique Des Gaz En Explosion Et Des Systemes Reactifs, Sth, 
- 1  Nauk SSSR, Institut Gidrodinamiki, Novosibirsk, U S S R ) ,  Acta Astro- 

nautica, V3:1015-1032, Nov-Dec 1976, Colloque International Sur La 

Bourses, France, Sept 8-11, 1975, A77-27918 

under plane, cylindrical and hemispherical loading. 
one-dimensional extrusion model of Fadeenko Et Al. (1974) is 
refined for the purpose of evaluating and discussing the results. 

ewlosive compression of cylindrical containers. 
multidimensional nonsteady flow takes place which is strongly 
influenced by emerging boundary layers. Use of hemispherical 
implosion makes it possible to generate a shock wave in liquid 
hydrogen with pressures reaching approximately 200 KBAR. 

(IMPLOSION, SHOCK WAVE PROCESSES, FLOW) 

i . 0. .-. 

Shock wave processes in liquid hydrogen were investigated 
The quasi- 

I This model is shown to be only a limited approximation of the 
In reality, a 

- *,. &. 

H77 40221 HEAT RELEASE DURING BOILING OF HYDROGEN IN A LARGE 
VOLUME 

Kirichenko, I.A., Levchenko, N.M., Kozlov, S.M., (Akademiia Nauk 
Ukrainskoi SSR, Fiziko-Tekhnicheskii Institut’Nizkikh Temperatur, 
Kharkov, Ukrainian SSR), Teploenergetika, p .  60-63, Apr 1977,. 
A77-35097, In Russian 

In the experiment described, horizontal and vertical tubular 
stainless-steel heaters were used to study heat release coefficients 
for bubble boiling of hydrogen over a wide range of saturation 
pressures. 
boiling at l o w  saturation pressures, including bubble growth: 
decrease in number of evaporation centers: decrease in bubble 
separation frequency; and irregularity of separation at a triple 
point. 
and discussed. 

(HEAT EXCHANGERS, HEAT RELEXSE COEFFICIENTS, BUBBLE BOILING) 

. - -  

Visual observations were made of the behavior of 

The experimental relationships obtained are diagrammed 

H77 40434 INVESTIGATION OF LIGHTWEIGHT DESIGNS AND MATERIALS FOR 
LO2 AND LH2 PROPELLANT TANKS FOR SPACE VEHICLES, PHASE 
2 AND PHASE 3 FINAL REPORT 

Anon, (General Dynamics/Convair, San Diego, CAI, NASA-CR-150223, 
226 P., PD-76-0200, NAS8-31370, N77-20156 
Avaii :NTIS 

based on seiecced i x d c  geometries. 
then locally modeled for computer stress analysis. 
scale test tank, representing the selected tug LO2 tank, was 

Full size tu3 LO2 and LH2 tank configurations were defined, 

A large sub- 
These confiquratians were 
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designed and analyzed. This tank was fabricated using procedures 
which represented production operations. 
was outlined and a test procedure defined. 
hardware was also fabricated. 

An evaluation test program 
The necessary test 

(TANK CONFIGURATIONS, COMPUTER STRESS ANALYSIS , TEST PROCEDURES) 

H77 4 0 4 3 5  MECHANICAL BEHAVIOR OF ABLATOR/INSUWTOR MATERIALS-- 
FOR SPACECA’IAFT CRYOGENIC REUSABLE STORAGE TANKS 

Adsit, N.R., May, L.C., (General Dynamics Corp., Convair Div., 
S a n  Diego, CA) ,  Society for the Advancement of Katerial and Pro- 
cess Engineering, Azusa, CA, p.  736-742, 1976, In Bicentennial 
of Materials Progress: Proceedings of the Twenty-first National 
Symposium and Exhibition, Los Angeles, CA, Apr 6-8,,1976, 
Research Supported by the General Dynamics Corp., A77-27451 11-23, 
A77-27499 

ials for tanks used in space flight was measured over the tem- 
perature data was due to aerodynamic heating during the reentry 
cycle of reusable tanks. Tension, compression and shear tests 
were performed to fully characterize the mechanical behavior of 
these materials. From these tests, the strength (tension, com- 

-‘pression, and shear) and elastic modulus were determined for each 
material at each test teaperature. It is shown t h a t  strength 
and modulus are strongly related to the test temperature and can 
vary by two orders of magnitude in the temperature range observed. 
The epoxy-base materials appear to be less temperature-dependent 
than the elastomeric or polyurekhane base materials. 

(ABLATIVE MATERIALS I MECHANICAL PROPERTIES , SPACE FLIGHT) 

rn .*. 

The mechanical behavior of several ablator/insulator mater- 

:. - . 
H77 40436 FRACTURE TOUGHNESS OF CRYOGENIC ALLOYS AND DETERMINA- 

TION OF THEIR STRUCTURAL STRENGTH 

Alymov, V.T. ,  Alekseev, S.I., Kozelkin, V.V., Mozhaev, A.V., 
Metallovedenie I Termicheskaia Obrabotka Metallov, p .  35-39, N8, 
1976, Metal Science and Heat Treatment, V18:699-703, N7-8, Jan 
1977, Translation, A77-25939 

depth of semielliptical surface crack, crack length, sample 
thickness, fracture toughness, testing temperature, annealing 
temperature, aging temperature, tempering temperature, alloy com- * 

position. 

Sum diverse data are presented; variables include breaking load, 

(CRYOGENIC ALLOYS, FRACTURE TOUGHNESS) 

H77 4 0 4 3 7  THERMAI, PERFORMANCE OF AN INTEGRATED THERMAL PROTEC- 
TION SYSTEM FOR LONG-TERM STORAGE OF CRYOGENIC PRO- 
PELLANTS IN SPACE 

Dewitt, R.L., Boyie, R.J., (NASA, Lewis Research Center, Cleveland, 

Avai1:NTIS 
OH), NASA-TN-D-8320 E8881, 109 P., N77-24183 
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I t  w a s  demonstrated t h a t  cryogenic p r o p e l l a n t s  can be stored 
unvented i n  space long enough t o  accomplish a s a t u r n  o r b i t e r  
mission a f t e r  1,200-day coas t .  The thermal des ign  of a hydrogen- 
f l u o r i n e  rocke t  s t a g e  w a s  carried o u t  and the hydrogen t ank ,  i t s  
suppor t  s t ruc tu re ,  and t h e m a l  p r o t e c t i o n  system w e r e  tested i n  
a vacuum chamber. E e a t  t r a n s f e r  rates of approximately 23 W 
w e r e  measured i n  tests t o  s imulate  the near -ear th  p o r t i o n  of t h e  
mission. T e s t s  t o  simulate t h e  major i ty  of t h e  t i m e  t h e  v e h i c l e  
would be i n  deep space and sun-oriented resulted i n  a h e a t  
t ransfer  rate of 0 . 1 1  W. 

. L ... (STORAGE TANK DESIGN, THERMAL INSULATION, SPACECRAFT) 

H77 40438 PROBLEMS I N  LH2/LOx ROCKET TANK DESIGH 

F u j i i ,  T . ,  K i t a m u r a ,  K . ,  Kando, T . ,  Yoshida, Y . ,  Ishikawajima- 
H a r i m a  Engineering Review, V16:702-714,  Nov 1976, A77-25716, I n  
Japanese,  wi th  a b s t r a c t  i n  English 

Development of a technique f o r  e f f i c i e n t  u t i l i z a t i o n  of 
l i q u i d  hydrogen (LH2) is c e n t r a l  t o  t h e  e l a b o r a t i o n  of an im- 
prcved r o c k e t  system 5urning LE2/LOx p r o p e l l a n t ,  f o r  launching 
Japanese heavy a r t i f i c i a l  sa te l l i t es  i n  f u t u r e  programs. Mechan- 
i ca l  engineering problems discussed i n  r e l a t i o n  t o  t h e  design 

- - ,of  t h e  r o c K e t  tank inc lude  t a n k  s h e l l  materials s e l e c t i o n ,  tank 
in su la t ion ,  eva lua t ion  of appl ied loads  and l i q u i d  s lo sh ing  and 
buckl ing and f r a c t u r e  s t r e n g t h  of t h e  s h e l l  and estimates of 
p r e s s u r e  rises and thermal s t r a t i f i c a t i o n  i n s i d e  t h e  tank. 

(TANK DESIGN, FRACTURE STRENGTH, THERMAL STRATIFICATION) 
- *, 

H 7 7  4 0 4 3 9  DEVELOPMENT AND VALIDATION OF PURGED THERMAL PROTEC- 

HYPERSONIC VEHICLES 
-- - . T I O N  SYSTEMS FOR L I Q U I D  HYDROGEN FUEL TANKS OF 

Helenbrook, R.D.,  ( B e l l  Aerospace C o . ,  Buffa lo ,  N Y ) ,  C o l t ,  J . Z . ,  
(Little, Arthur D . ,  I nc . ,  Cambridge, M A I r  NASA-CR-2829, 1 2 4  p. ,  
Rept-8653-950001, NAS1-10969, N77-25455 
Avai1:NTIS 

An economical, l igh tweight ,  safe,  e f f i c i e n t ,  r e l i a b l e  and 
reusable i n s u l a t i o n  system w a s  developed f o r  hypersonic cruise 
v e h i c l e  hydrogen f u e l  tanks.  Results i n d i c a t e  t h a t ,  a n i t rogen  
purged, l aye red  i n s u l a t i o n  s y s t m  with nonpermeable closed-cell 
i n s u l a t i o n  next  t o  t h e  cryogenic tank and a high service tempera- 
t u r e  f i b r o u s  in su la t ion  surrounding it, i s  p o t e n t i a l l y  an a t t rac-  
t i v e  s o l u t i o n  t o  t h e  i n s u l a t i o n  problem. For t h e  pos tu l a t ed  
hypersonic  f l i g h t  t h e  average u n i t  weight of t h e  purged in su la -  
t i o n  system ( inc lud ing  i n s u l a t i o n ,  condensate and f u e l  b o i l  o f f )  
i s  6.31 KG/Sq M (1 .29 PSF). Limited c y c l i c  tests of l a r g e  
specimens of closed c e l l  polymethacrylimide foam indicate it w i l l  
w i ths t and  t h e  expected thermal cycle. 

(FUEL TANKS, INSULATION SYSTEM, THERMAL CYCLE) 

. *  1 

. 
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H77 40440 IWSTIGATION OF LIGHTWEIGHT DESIGNS AND MATERIALS 
FOR LO2 AJSD LH2 PROPELLANT TANKS FOR SPACE VEHICLES, 
PHASE 1 INTERIM REPORT 

Anon, (General Dynamics/Convair, San Diego, CAI, NASA-CR-150222, 

Avai1:NTIS 

nonintegral (suspended) tanks using a representative space tug 
design. The LH2 and LO2 tank concept selection was developed. 
Tank geometries and support relationships were investigated using 
tug design propellant inertias and ullage pressures. 
based on total tug systems effects. The tank combinations which 
resulted in the maximum payload were selected. Tests were con- 
ducted on samples of membrane material which was processed in a 
manner simulating production tank fabrication operations to deter- 
mine fabrication effects on the fracture toughness of the tank 
material. Fracture mechanics analyses were also performed to 
establish a preliminary set of allowables for initial defects. 

134 p., PD-75-0117, NAS8-31370, N77-20155 

Design, analysis and fabrication studies were performed on 

. 0. -- Then compared 

(PROPELLANT TANKS, STRUCTURAL DESIGX, MEMBRANE MATERIAL TESTS) 

H77 40515 SMALL, HIGH-PRESSURE LIQUID HYDROGEN TURBOPUMP 
FINAL REPORT, AUG 1973-APR 1976 - 1 

.. 

Csomor, A., Sutton, R., (Rocketdyne,.Canoga Park, CA), NASA- 
CR-135186, 278 p., R76-115, NAS3-17794, N77-23488 
Avai1:NTIS 

A high pressure, liquid hydrogen turbopump was designed, 
fabricated and tested to a maximum speed of 9739 Rad/s and a ' 

maximum pump discharge pressure of 2861 N/sq. an. The ap- 
proaches used in the analysis and design of the turbopump are 

- -  described and fabrication methods are discussed. Data obtained 
from gas generator tests, turbine performance calibration and 
turbopump testing are presented. 

(DESIGN ANALYSIS , TURBOPUMP , TURBINE CALIBRATION) 

H77 40516 SUBMERGED LIQUID HYDROGEN PUMP 

Rival, J e f  (Commissariat A L'energie Atomique, Laboratoire 
D'Applications Speciales de la Physique, Grenoble, France)f 
IPC Science and Technology Press, LTD., Guildford, Surrey, England, 
p. 231-234, 1976, In International Cryogenic Engineering Confer- 
ence, 6th, Grenoble, France, May 11-14, 1976, Proceedings, A77- 
26532 10-31, A77-26545 

fluid are studied. Rolling-element bearings are of the angular 
contact type and have bronze-filled PTFE separators, the number 
of balls being 15. The electric motor is 3-phases, asynchron, 
squirrel cage. The output power is 500 W at 300 K and 1200 W 
at 20 K. For these temperatures the iron-losses increase for 
20 percent but the efficiency reaches 90 percent. A pump may be 
built with these elements, the characteristics are given for 
liquid hydrogen. 
a transfer line. 

Basic elements for a rotating machine submerged in cryogenic 

Other devices may be used in a closed loop or 

(CRYOPU'MPING, BALL BEARINGS, PUMP ELEMENTS) 
? O  
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H77 40517 FRACTURE CONTROL OF' H-0 ENGINE COMPONENTS--TITANIUM 
TIN ALLOY FUEL PUMP I-NPELLEEZS FINAL XPORT, JUNE 17, 
1974-AUG 5, 1976 

Ryder, J.T., (Lockheed-California Co., Burbank, CA), (General 
Dyn&cs/Convair, San Diego, CAI, (International Harvester Co., 
Chicago, IL), (Ladish Co., Cudahy, WI), NASA-CR-135137, 489 p., 
LR-27810, NAS3-18896, N77-20207 
Avai1:HTIS 

tion and fatigue crack propagation data necessary to establish 
the salient characteristics of a TI-6AL-2.5SN(ELi) alloy fuel 
purnp impeller to be used in a cryogenic service environment. 
Testing variables considered were coupon orientation, frequency, 
load range ratio and temperature. Data analysis correlated crack 
propagation data from conventiocal laboratory coupons with data 
from a parallel sided rotating disk used to model rotor stresses. 
Four major design recommendations when bore regions of fuel pump 
impellers to be operated i n  cryogenic environments are to be 
relatively highly stressed are discussed. 

An investigation was made to obtain the material characteriza- 

(CRYOPUMPING, MATERIAL CHARACTERIZATION, FATIGUE LIFE) 

H77 40618 PROSPECTS FOR PIPELINE DELIVERY OF HYDROGEN AS A 
FUEL AND AS A CHEXICAL FEEDSTOCK 

'. 
Gregory, D.P., Biederman, N.P., Darrow, K.G. Jr., Konopka, A . J . ,  
Wurm, J., (Institute of Gas Technology, Chicago, IL), 23 p., 
1976, CONF-760581-2, From American Gas Association Transmission 
Conference, Las Vegas, NV,  May 3 ,  1976 

are very real, as is the need to develop this capability. 
technical problems involved do not appear to be too severe, but 
there are still some unknown quantities that require research 
and development, not the least of which is concerned with possible 
hydrogen embrittlement. The gas industry has many opportunities 
to become involved w i t h  future energy technology by means of its 
present capability to transmit gaseous energy over long distances. 
The initial concept of the "hydrogen economy" was a somewhat 
idealistic approach to solving the national energy problem with 
a completely new energy distribution system. After a few years of 
study of this concept, some rather more realistic and somewhat more 
limited options are emerging that will involve the pipelining of 
hydrogen and should involve the gas industry. 

(FEASIBILITY, PIPELINES, HYDROGEN ECONOMY) 

The propsects f o r  hydrogen pipelining over long distances 
The 

E77 42016 PROSPECTS FOR PIPELINS DELIVERY OF HYDROGEN AS A FUEL 
AND AS A CHENICAL FEEDSTOCK 

Gregory, D.P., Biederman, N.P., Darrow, K.G. Jr., Konopka, A.J., 
Wurm, J., (Institute of Gas Technology, Chicago, IL), American 
Gas Associatian Xonthly,  V58:24-31, Nov 1976, Research supported 
by the American Gas Association, Electric Power Research Institute 
and NASA, A77-29437 

. 

30 



The possibility of using hydrcgen for storing and carrying 
energy obtained fzcm nonfossil sources such as nuclear and solar 
energy is examined. According to the method proposed, these 
nonfossil raw energy sources will be used to obtain hydrogen from 
water by three basically distinct routes (1) electrical genera- 
tion followed by electrolysis; ( 2 )  thermochemical decomposition; 
and ( 3 )  direct neutron or ultraviolet irradiation of hydrogen 
bearing molecules. The hydrogen obtained will be transmitted in 
long-distance pipelines and distributed to all energy-consuming 
sectors. As a fuel gas, hydrogen has many qualities similar to 
natural gas and with only minor modifications, it can be trans- 

in the same appliances as natural gas. Hydrogen can also be used 
as a clean fuel (water is the only combustion product) for auto- 
mobiles, fleet vehicles and aircraft. 

. c .e- mitted and distributed in the same equipment and can be burned 

. 

(DISTRIBUTION, COST EFFECTIVENESS, PIPELINES, NON FOSSIL RESOURCES) 

H77 42017 STRUCTURAL MATERIALS FOR ENERGY STORAGE 

Rokinson, S.L., West, A . J . ,  Saxton, H.J., (Sandia Lab., Albuquerque, 
NM), 31 p.# Jan 1976, N77-15134 

Work on the hydrogen compatibility of structural materials 

fronts. The tensile behavior of a number of carbon and pressure 
vessel steels in high pressure hydrogen gas and in contact with 
iron-titanium hydride was characterized. Slow crack growth studies 
of pressure vessel steels are nearing completion. Studies address- 
ing the protective value of brush electroplated coatings are being 
continued. A new silicon coating applied by vapor deposition is 
also under study. Self-loaded tensile specimens are being pre- 
pared in an in-situ accelerated test program, Efforts are under- 

-- - . way to modify the hydrogen compatibility of manganese-carbon and 
high carbon steels by themomechanical treatment and to characterize 
their mechanical properties and microstructures. The effects of 
chemical segregation on hydrogen cracking are also being studied. 
Ccnstruction of the experimental hydrogen pipeline is proceeding 
satisfactorily with initial safety tests to be performed soon. 

-.for pressure vessels and pipelines is proceeding along several 

(STORAGE, HYDROGEN COMPATIBILITY 1 PIPELINES) 

H77 43078 DEVICE FOR CONVERTING CILORIC INTO MECHANICAL 

Meijer, R.J., German Patent 2,110,042/3, 6 p., 4 fig., Jan 15, 1967, 
Philips Gloeilampenfabrieken N.V., In German 

heated with hydrogen and hydrogen storage on the basis of metal 
hydrides, b) a favorable use of the waste heat for the desoqtion 
of the hydrogen stored in the form of hydrides, c) the carry-off 

the hydride storage, d) the chemicai composition of the hydrides- 
forming alloys. 

The invention relates to: a) a combination of a hot-gas engine 

Z - - - - L i - -  I---& 2..-:-- &LA L..rfr-"-n "h5v*;mm cc Of t he  hydride LuLlt taLAuu i i c a L  L A U L A U ~  u , u y G A A  ruusysrrr  

(STORAGZ, WASTE HEAT UTILIZATION, CHEMICAL COMPOSITION HYDRIDES 1 
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H77 43079 METAL HYDRIDES AS XYDROGEX STORAGE MEDIA AND THEIR 
APPLICATIONS 

R e i l l y ,  J.J., (Brookhaven National Lab., Upton, NY, Dept .  of 
Applied S c i e n c e ) ,  88 p . ,  J u l y  1 4 ,  1 9 7 6 ,  (Contract  E(30-1)-16),  
BNL-21648, X77-20589 

The f o u r  hydride systems of c u r r e n t  i n t e re s t  for hydrogen 
s t o r a g e  a p p l i c a t i o n s  a r e  t h e  hydrides of magnesium and c e r t a i n  of 
i ts  a l l o y s ,  i r o n  t i t an ium a l l o y s ,  vanadium and lanthanum pen- 
tanickel ( o r  ABS) type a l l o y s .  Peak shaving, automotive,  thermal 
s t o r a g e  and solar energy and pumps and compressors are some of 
t h e  areas of a p p l i c a t i o n .  

, 

-..-. 

(MAGXESIUM HYDRIDES, APPLICATIONS, SOLAR ENERGY) 

H77 43080 HYDROGEN STORAGE VIA METAL HYDRIDES FOR U T I L I T Y  AND 
AUTOMOTIVE ENERGY STORAGE APFLICATIONS 

Salzano, F . J . ,  Braun, C. ,  Beaufrere,  A . ,  Sr in ivasan ,  S . ?  S t r i c k l a n d ,  
G . ,  (Brookhaven Nat ional  Lab., Upton, N Y ) ,  54 p. ,  Aug 1 9 7 6 ,  CONF- 
761044-1 ,  BNL-21723 

- . . t o  develop t h e  technology and techniques f o r  s t o r i n g  hydrogen v i a  
m e t a l  hydr ides .  The use  of these  systems f o r  hydrogen s t o r a g e  
involves  t h e  des ign  of h e a t  exchanger and mass t r a n s f e r  systems, 
i .e. removal of h e a t  dur ing  t h e  &;lrging r e a c t i o n  and a d d i t i o n  
of h e a t  dur ing  t h e  d ischarge  reac t ion .  Recent work and progress  
on t h e  development of m e t a l  hydrides  f o r  hydrogen s t o r a g e  connected 
wi th  u t i l i t y  energy s t o r a g e  a p p l i c a t i o n s  and n a t u r a l  gas  supple- 
mentat ion are d i scussed  and electric-to-electric.storage system 
is desc r ibed  i n  some d e t a i l .  
t he  e l e c t r o l y s i s  of hydrochlor ic  a c i d  is descr ibed  which would 
u t i l i z e  metal  hydrides  t o  s t o r e  t h e  hydrogen. I n  a d d i t i o n ,  t h e  
use of m e t a l  hydrides  f o r  hydrogen s t o r a g e  i n  automotive systems 
is  desc r ibed .  

Brookhaven Nat iona l  Laboratory is  c u r r e n t l y  supported by ERDA 

A system of energy s to rage  involving 
.-- 

(HYDRIDES,  ELECTRIC STORAGE SYSTEM, HYDROCHLORIC ACID ELECTROLYSIS) 
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H77 51017 EXPERIMENTAL STUDY OF HYDROGEN FORMATION AND RE- 
COMBINATION UNDER POSTULATED LMFBR ACCIDENT CON- 
DITIONS 

Wierman, R.W., Hilliard, R.X., (Hanford Engineering Development 
Lab., Richland, WA), 58 p . ,  Dec 1, 1976, (Contract EY-76-C-14- 
2170), HEDL-TC-730 - .- The report describes an experimental .study of hydrogen jets 
burning in air, hydrogen formation by solium in humid air atmos- 
pheres and the effects of nitrogen, water vapor sodium vapor/ 
aerosol, jet velocity and jet temperature on ignition of hydrogen 
jets. The results show that hydrogen jets above 1450OF (788OC) 
issuing into an air atmosphere need no ignition source for 
ignition, a hydrogen jet temperature higher than 500°F (26OOC) and 
containing more than six grams of sodium per cubic meter of jet 
gas will auto-ignite in an air atmosphere, the burning efficiency 
of a hydrogen jet decreases rapidly to zero when the oxygen con- 
cen tration outside the flame region approaches 10 percent? and 
hydrogen does not form from a sodium-nitrogen jet issuing into a 
humid air atmosphere until the ratio 02/H20 + 02) is less than 0.5. 
(ACCIDENT  CONDITION^ ,- CHEMICAL REACTIONS , IGNITION) .. *, 

H77 52161 HYDROGEN COMPATIBILITY OF STRUCTURAL MATERIALS F O R  
ENERGY STORAGE AND TRANSMISSION APPLICATIONS. SEMI- 

;-. ANNUAL REPORT FOR PERIOD THROUGH OCTOBER 1, 1976 ". 
Robinson, S.L., (Sandia Labs., Albuquerque, NM), 69 P . ~  Dec 1976, 
SAND-76-8255 

oratory (BNL) have been completed since the initiation of this 
program. The suitability of commercial alloys for containment of 
hydride-dehydride reactions have been assessed and recommendations 
for materials selection based upon tensile and slow crack growth 
tests have been made. We have also prepared and installed in a 
test chamber at BNL a series of insitu test specimens to be 
exposed to a cyclic iron-titanium hydride environment. A pre- 
liminary welding specification for containment of hydrogen in 
structural mild steels has been developed. Hydrogen permeation 
resistant coatings, applied by pyrolysis of silane, and by brush 
electroplating, have been developed. Environmentally assisted, 
cyclic fatique in high-pressure hydrogen has been identified as 
a potential hazard to the integrity of flawed pressure vessels 
in materials where slow crack growth under constant.load is not 
expected. 

Substantial support activities for Brookhaven National Lab- 

7 7  
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H77 52162 MATER1,US C3MPATIBILITY ANALYSIS 

Brown, P.E., DeSantis, V . J . ,  Sayell, E . H . ,  (AiResearch Mfg. Co. 
of Airzona, Phoenix, AZ), 74 p . ,  Nov 26, 1975, GE-BIPS-03-001 

source for the BIPS-GDS, exposes a bare graphite structure to the 
inside of the HSHX, the design of which currently uses the niobium 
alloy, C-103. Data from the MHW-IHS studies showed CO/CO sub 
2 was evolved in storage and under operational conditions, from 
the Carbon/Graphite components which were insufficiently degassed 

. ._ before assembly. A satisfactory method for removing gases from 
the MHW-IHS has been defined to assure acceptable levels of CO/CO 
sub 2 in the MJS converter. However, it is recognized that the 
Nb and Ta alloys are degraded in their mechanical properties by both 
carbon and oxygen. Consequently, there is concern that for pro- 
longed exposures, 10 exp 5 hours, the Nb alloy of the HSHX may 
be adversely affected even by very low concentrations of CO/CO 
sub 2 ,  0 sub 2 ,  H sub 2 0, and H sub 2. A materials evaluation 
study was begun to review the potential problems and to indicate 
proposed solutions. 

The use of the MHW-IHS in the MJS configuration as the heat 

(NICBIUM ALLOY, MATERIALS EVALUATION) 
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S Y N T H E T I C  N I T R O G E N - F I X A T I O N .  
#' ' 

- 9 E L E A S E - C O E F '  I C I E Y T S .  BUBBLE 
ES. D E V E - O P Y E N T S .  L E G I S L A T I O /  
S .  H E A T - R E L E A S E - C O E F F I C I E N T S  9 

- A V A L Y S I S *  T U R ~ O P U H D I  T U R B I N E  
T I L  I Z A T  IC NI C HEY1 C A L - C O M P O S I /  
3N. S U L F U G I  C - 4 C I D - C O N V E R S I O N  9 

S Y N T H E S I S  . C O A L  L I Q U Z F A C T I O N .  
C E R /  02. E L E C T 2 O D E S .  S I L V E R  

.-. HAF; 9 FLU1 01 Z E D - B E D - ? E D U C T I C N I  
L M F e R .  A C C I ) E N T - C ~ N D I T I ~ N S I  

Y DROGEN-0  XY GEN. L A M  I NA 3 - F L O W  . 
? A G E S  W A S T 3  HE4T-UTIL I Z A T I  ON. 
R O D U C T I O N .  R A D I A T I O N - P R O C E S S .  

I N T E R N A L - C O M B U S T I O N  E N G I N E .  

.. 

f C B A L T  C X  IDE. MO/ G E N E R A T I  ON 
M I C A L I  T H E R M A L  D E C U M P O S I T I O N ~  
N e  T H E R M O D Y N A M I C .  H E A T - P I P E S  
E D S T O C K ,  AMMO/ ANNUAL-REPORT 9 

D U C T  I O N  # HYGAS, 
S v F U T U R E  F A C I L I T I  ?ESCUQCES 9 

Y G A S I F I C A T I O N R  HYGASI 
V C L U M E -  I I 
5 M E T H A N 4 T I O N .  L I Q U I D - P H A S E S .  

HY D R O G A S I F I C A T  I O N  

~ Y D R O C A R B O N S .  FUEL S Y N T H E S I S  9 

T I O N .  C A T A L Y S T - T /  S T E A M - I ~ O N I  
F L U I D I  ZED-BED-Q/ S T E A M - 1 2 O N .  

I C L E - O P E R A T I O N - C 3 S /  G A S O L I N E .  

9 R E P O R T r  1976. H Y D R O G E N A T I O N .  

A S T E R O I D S  9 H Y D F O G E N  GESOUGCESI 
ATMOSPHERIC-NITROGEN. c a M a u s r I  
A U T O M O E I L E S r  N O X  E M L S S I J N I  H Y D  
A U T O M O T I V E .  H Y D R I D E S I  E L E C T G I C  
BACTER I A# /ANEI  REPORT 1976 9 

B A L L - B E A R  I N G S  P U M P - E L E M E Y T S N  
a AS€-PRES S U R E  s I NO-T U N N E L - T E S  
8 I O C O N V E R S I  ON EFF I C 1  E N C Y - T E S T  
B I O P H O T O L Y S I S I  P H O T O C O N V E F S I O N  
B O I L I N G #  / E A T - E X C H A N G E R S s  H E A T  
1300K-1977r UoS. E N E 8 G Y  PESOURC 
B U B B L E  BO I L I NGw / E A T -  EXCHANGE? 
C A L I B R A T I O N  F I N A L - ? S P O R T  1975# 
C A L G F I C .  STORAGE,  WASTE HEAT-U 
C A F a O N  O X I D E .  S U L F U R  D I O X I D E I  
C A R C I N O G E N S #  / R O C A R 8 3 N S  9 FUEL 
C A T A L Y S I S .  HYDEOGEN F U E L - C E L L S  
C A T A L Y S T - T E S T I N G #  / R 3 N .  CGAL-C 
C H E M I C A L  R E A C T I O N S .  I G N I T I O N #  
CHEMICAL-COMPONENTS.  DI F F E R E N T  
C H E M I C A L - C G M P O S I T I O N  H Y D R I D E S .  
C H E M I C A L - F E A C T I C N ,  F U S I O N  R E A C  
C H E M I C A L - R E A C T I O N S #  I O G E N  FUEL 
C H E M I C A L - R E A C T G R S  9 M4GNES IUM. 
C H R O N I U M  O X I D E .  S T R O N T I U M  O X I D  
COAL G A S I  F I C A T  I O N  ECONOM ICs* 
C O A L  G A S I F I C A T I O N *  HYDROGEN FE 
COAL G A S X F I C A T I O N .  Y E T H A N E  \PQO 
C O A L  G A S I  F I C A T  I O N .  N E G O T I A T I O N  
C O A L  G A S I F I C A T I O N .  S T E A M  OXYGE 
cmL GASIFICATION# 1975- i 976. 
C O A L  G A S I F I C A T I O N #  I 4 T I O N .  197 
C O A L  L I  Q U E F A C T I O N  9 C A R C I N O G E N S  
C O A L  L I Q U E F A C T I O N .  R E A C T O R - T E S  
CCAL-CHAR. F L U I D I  ZED-aED-REDUC 
COAL-CHAGr  P I L O T - P L A Y T  D E S I G N .  
COAL-GENERATED.  E C O N O M I C S .  V E H  

0 4 0 4 3 5  
0 5 :  31 7 
020369 
0 3 0 0 7 6  
030377 
333099, 
034272  
031 0 4 6  
033083 
052152 
040436 
022036 
02323 8 
322036 
0 3 0 0 7 6  

023026 
3333d7 
032076 
043080 
02321 8 
04051 6 
033004 
023220 
02321 9 
04022 1 
010282 
0'402.2 1 
04051 S 
043070  
02303 3 
0 2 2 0 3 ~  
035650 

051 01 7 
033090 

021 131 
033092 
323037 
021132 
022033 
022036 
0 2 2 0 3 2  
022042 
022035 

02204: 
022034 
022037  
322 04 0 
02203 9 
032074 

022040 . 

043078 

o 2203 a 

. 

4 3  



C H E M I C A L - R E A C T O R S  YAGNES I U M t .  
G A T  I ON. S U P E R S O N I  C 4 I R S T ? E A H  . 
I CN-FLAME 9 F L A M E - P R O P A G A T I  O N  
SE-PFESSURE, Y I N D - T /  9 U S S I A N .  
NOX E M I S S I O N .  E M I S S f O N = M O O E L *  
N T A L - E /  ATMOS PHER I C - N  I T R O G E N .  
X T U P €  FLOW-DA2A ‘4ETERS S U P € /  
3 G a A M S  9 I N J E C T I  ON 9 S U P E R S O N 1  C 
WATER I ALS--EVALUAT f O N #  
G Y- STORAG E H Y  DROGEN 
32s LH2r T A N K - C O N F I G U R A T I O N S r  
Z T I O N .  T H E R M O C H E M I C A L  CYC-ES 9 - “ S U P E k S O N I  C COM/ F I N A L - Z E P O R T *  
PROCESS1 NG./ I N T E R N A T I O N A A L  . 
H Y D R C G E N  I S O T O P E S *  RECOVERY.  

3RT)ES. P H O T O C A T A L Y S I S ,  T I T A N /  

S T3 K A  G E  

OROGEN F U E L - C L L S f f  
JEL F E E D S T O C K .  DI STq I S U T I  O N  
STERO I D S  H Y D R O G Z N  RESOURCES 9 

GHNESS # S T 2 U C T U R A L - S T 9 E N G T H  9 

3 L A T :  V E  Y A T E R  I A L S  M E C H A N I  C A /  
I T A N I U N - T  I N - A L L O Y  9 F U E L - P U M P .  
W P- EL E M  EN TS/ L I Q J I D- HY OR 3 GEN 

COBALT O X I D E .  MOLYBDENUM C X I D E  
C O M B U S T I B L E  FLGN. # /..AH€ P A O P A  
COMBUST I O N - C H  A H  BE RS # 
COMBUS T I ON-CHAF A C T E q  I ST I C S  
COMBUST i C N -  EM I SS I O N +  
COMBUSTICN-PRODUCTS.  E N V I R O N M E  
COi4BUST I ON-SEPARAT I ON I F U E L - M  1 
COMBUST I O N #  /PORT C 3 M P U T E R - P R  
C C M P A T I B X L I T Y s  N I O B I U M  A L L O Y ,  
C O M P A T I B I L I T Y  s P I P E L I N E S #  / N E R  
COMPUTER STRESS-ANALY SI S T E S T  
C O M P U T E R - A N A L Y S I S I  CIBBS-F2EE-  
COMPUTER-PROGRAMS. I N J E C T I O N ,  
CONFERENCE WASTE-UT I L I L A T I  CN 
C O N T A I N M E N T .  R E A C T O R - H A T E F I A L S  
C C N V E R S I O N - E F F I  C I E N C I E S  ELECT 
C O S T - E F F E C T I V E N E S S .  F U S I O N .  H Y  
C O S T - E F F E C T I V E N E S S .  ~ I P E L I N E S .  
C 0 ST- E S T I N A TE S # A 
CEYOGEN I C  A L L O Y S .  F a A C T U R E - T O U  
C R Y O G E N I C  E E U S A B L E .  STORAGE,  A 
C R Y O G E N I C  M A T E R 1  A L - C H A R A C T E R 1  
CRY O P U M P I  NG + B A L L - B E 4 R  I NCS 9 PU 

O I F F U S  
S A  

/R 5 I NES 

/ E- M A T ER I A L s 

‘ C Y C L E  a NOT I N C E X E D  
a /  PRODUCTION. THERMOCHEMICAL CYCLES. COMPUTER-ANALYSIS. G I ~  

S f R /  T H E F M O C H E M I C A L  T H E R M A L  DECCMPOS IT I ON 9 C H R O N I  UM O X I D E  9 

? B I N E  C A L  I B /  L I Q U I D - H Y D P 3 G E N .  D E S I G N - A N A L Y S I S .  T U R ~ O P U M P I  T U  
E R S O N T C  A I R C R A F T ,  P G O P U L S I O N .  D E S I G N - A N A L Y S I S *  /T*  1375. S U P  
-190N. COAL-CHAR,  P I L O T - P L A N T  D E S I G N .  F L U I D I Z E D - B E D - R E D U C T I O  
EL-PQOCUREMENT.  POWER-PLANTS.  U E U T R I U M  FUEL, F U S I O N  s E N V I R O N  

I)EVELCPMEN’ N O T  I N D E X E D  
AR-FLOW C H E H I C A L - C O M P O N E N T S  D I F F E R E N T  I A L - E O U A T I C N S #  / L A M I N  
T I O N .  COMBUST I 3 N - C H A Y B E R S Y  3 I F F U S I O N - F L A N E v  FLAME-PROPAGA 
V E R S I O N .  C A E B 0 N  O X I D E .  S U L F U R  D I O X I D E .  GERMAN. P A T E N T *  /-CON 

-.- S /  PIPELINE.  FUEL. F E E D S T 3 C K w  D I S T R I B U T I C N .  C O S T - Z F F E C T I V E N E  
4 G E #  E Y E R G Y - S Y S T E M .  3 I S f P I B U T I C N ~  P R O D U C T I O N .  STOR 
I CN# HYDQOGEN ECONOMY O I S T R I B U T S G N .  S A F E T Y .  U T I L T L A T  
- H Y D R C C A R B O N S  . FUEL S Y N T H E S I  / 3 0 S I M E T R Y  9 P O L Y C Y C L I C - A R O M A T I  C 
?NESS S P A C E - S H U T T L E /  T U G / I U S *  ECCNOMICS.  HYDROGEN 3 X Y G E N  E N C  
0 S /  G A S  O L  INE COA L - G E N E R A  T E3 ECCNOM I CS t V E H  I CLE-OPER A T  I ON-C 
E A T - P I P E S  C O A L  G A S I F I C A T I O N .  E C O N O M I C S #  /. THERMODYNAMIC.  H 

UT IL I L A T  I O N #  HYDROGEN ECONOMY. D I S T 2 I B U T I O Y .  S A F E T Y .  
S I B I L I T Y *  P I P E , I N E S .  HYD9CIGEN ECONOMY# /FUEL* F E E D S T O C K ,  F E A  
O G E N - F I  X A T I O N  81  OCONVERS I O N  EFFIC I E N C Y - T E S T I N G .  WAR INE M I  C 
T A N /  C O N V E R S I O N - E F F I C I E N C I E ~ .  E L E C T O R D E S *  P H O T O C A T A L Y S I S .  T I  
f H L C ?  I /  A UTO!.(OT I V E  HYDQ I DES 9 ELECT2 I C STORAGE-SYST EM HYDRO 
HYORClGEN W U - C E L L S .  GEP/ 02. ELECTRCDES.  S I L V E R  C A T A L Y S I S .  
K O D U C T I /  HYDROGEN-PQODUCTION.  E L E C T R O L Y S I S *  T H E P M Q C H E M I C A L  P 
PGE-SYSTEM.  H Y 3 R O C H L O R I C - A C I  0 E L E C T R O L Y S I S #  / e  E L E C T R I C  S T O R  

G A S - T U R B I N E S .  VOX E M I S S L O N I  E M I S S I O N - M O D E L .  C C M B U S T I O N - E M 1  
dSf  ION-EM I/ G AS-TURB f N E S  NOX E H I S S  I ON E M I  SS I O N - M O D E L  . COMB 

G A S - Y I X T U R /  A U T D H 0 3 I L E S .  NOX EMISSION. HYDROGEN-ENRICHMENT. 
. NTI FUEL- CONSUHPT I O N  9 EXHAUST EMMISS IONS* / H Y  DROGEN-ENR I C H H E  

023 03 7 
033083 
333385 
033304 

033007 
033089 
033088 
OS2162 
04201 7 
040434 
021133 6 

0 3 3 0 8 6  

033088 
034351 
02344 1 
023539 
010237 
04201 6 
023036 
040436 
040435 
04051 7 
04051 6 

021133 
021 132 
34051 5 
031 046 
022039 
034850 * 

033090 

023030 
04201 6 
010234 
010288 
022034 
030082 
032075 
022033 

04061 L3 
023220 
023635 

034650 
010290 
043080 
033086 
033006 
032076 

033085 - 

010288 

oa3oao 

032077 - 

44 



F 

Y * O E V E L O P Y E N T *  
NCN-YUCL EAE F_Y EB CY 7 ES E A ?  C H  9 

A N Y  GEPOfiT 1975. NON-NUCLE4R 
L E C I S L & T I O /  8 0 3 K - 1 9 7 7 r  U o S .  

G Y  P E S E 9 G C H .  ENEKGY P P S J E C T f  
Z U G I N E I  S P 4 C E - T Q P N S P O Q T A T f O N  
GEN C O M P 4 T I B I L I T Y /  aMATEF1IALSs 
? O D U C T I O N .  S T C R 4 G E +  
U C E  AS?G S P I K E - T H R U S T - C H A M B E /  
3QSTEGS. S C L I  0 P O P P E L /  R C C K E T  

~ JHRUST-CHA;.(BE/ E N G I  NE-DAMAGE rn 

GEN FUEL, I N T E R N A L - C D N B U S T I J N  
-3 IOh ! -SYSTE '4 r  HYDROGEN '3XYGEN 
Z L - P U M P .  C R Y ' 3 5 E N I C .  M A T /  H-01 
S ECONOM I C s .  i l Y D R O C E N  O X Y G E N  
E 9 S  s S O L I  D P O R P E L L A N T  GOCKET 
-=XPEF I M S N T S  d Y 3 R O G E N - O X Y G E N  
I T R O C E N .  C O M B U S T I O N - P R C O U C T S r  
-9NTS.  D E U T R I U M  FUEL. F U S I O N .  
LJRCES TE C H N 3 L 3 G Y - A S S E S S M E N T  
GLEUlvm T E C h N C L O G Y - A S S E S S M E N T  
ENG ICH '4ENT.  F U E L - C O N S U M P T I  ON 9 

T SOLY 11 C PROD U C T  I ON A D V A N C E D  
I ( ; A T I O N .  N E G O T I 4 T I O N S .  F U T U S E  
C. M A T E R 1  AL- CHARACTERIZATION^ 
-VESSELS*  S T O R A G E  S T R U C T U R A L  
E/ PIPELINE, FUEL. F E E D S T O C K .  
A S S E S S M E N T ,  HYDQCCEN-ECONGMY 9 

1 '975 4 I R C R A F T  FU E L - C E L L S  . cabL GASIFICATION* HYDROGEN 
E F F E C T  I V E N E S /  3 I a E L I  NE F'JEL 
N E S ,  HYDRCGE/  P IPEL INE.  FUEL* 

1 
.-- 

A RT I/ GA 3 ES- P R3 D U C T  I O N  e S T  E-4' M 
A I R S T Z E A M  COMaUST I B L E  F L ~  W . / 
CHAM€? ER S #  D I F F U S I O N - F L A M E 9  
E S I M U L A T I O N .  3 R B I T E R  V E H I C L E  
I CIN-SEPAR AT I O N .  F U E L - M I X T U R E .  
? S O N I C  A I R S T ? E A M r  C O M B U S T I B L E  
L OS I CN 
OAL-CHAR.  ? ? L O T O P L A N T  D E S I G N .  
YST-T/ ST E A M - I ? O N  9 C O A L - C H A R  
2 A C C I O E N T - C O N D I T X O N S *  CHEH/ 
& T I F X C /  L H Z / L O X .  T A N K - O E S I G N *  
L - S T R E N G T H .  C R Y O G E N I C  A L L O Y S 9  
I C N .  FLJI D I Z E D - B E D - ? E D U C T I O N *  
C Y C L I C - A Q O M A T  I C - H Y D R O C A R B O N S  
F I N A L - R E P O R T .  1375. A I R C R A F T  s 
S S I L V E 9  C A T A L Y S  I S  HY OROGEN 
V T *  P Y S R G E T I  CS 
F E C T  I VENE SS F U S  I ON 9 H Y  OROGEN 

S HO CK -U AV E'P RC CES S ES 

- - R E P O R T  HYDROGEN-ENR I C H H E N T  
S U P € /  C O M B U S T I O N - S E P A R A T I O N  

ENERGET I C s .  F U E L - C E L L S .  H I S T O R  
E N E G G Y  P E O J E C T S  ENtE?GY S U P P L Y  
ENE9GY PESEAGCHI  E N E R G Y  P F O J E C  
ENERGY R E S O U R C E S *  D E V E L O P M E N T S  
ENEZGY SUPPLY # I N - N U C L E A R  ENER 
INE9 ,CY-QEQUI f iEMENTS# / OXYGEN 
ENERGY-STOEAGEI S T O F A G E *  HYDPO 
ENEFGY-SY S T  EM * D I STk I BUT I ON t P 
CNG IN€-DAMAGE 9 E N G  I N € - M A  I N T E N A  
E N G I N E - D E S  I G N .  S P A C E - S H U T T L E - 8  
E N G  INE-t.(4 I N T E N A N C E I  A E R G S P  IKE- 
E N G I N E .  C H E M I C A L - R E A C T 1  ONSR /O 
E N G I N E  S P A C E - T R A N S P O R T  AT ION.  
E N G I N E .  T I T A N I U M - T I N - A L L O Y e  FU 
E N G I N E S  S P A C E - S H U T T L E #  / U G / ?  U 
ZNCINES# / S P A C E - S H U T T L E - B O O S T  
E N G  I N E S  I S HOCK-TUBE 
E N V I R O N M E N T A L - E F F E C T S  G E A C T I  0 
E N V I R O N M E N T A L - - I  MPACT# /PO'UER-P 
E N V I R O N M E N T A L - I  MPACTM R E S 0  
E N V  I G C N M E N T A L -  I M P A C T  
E X H A U S T  E M M I S S I O N S #  /HYDROGEU- 
F A C I L I T Y .  S Y S T E M S  S T U D Y #  / € L E C  
F A C I L I T Y *  / S O U R C E S *  C O A L  G A S X F  
F A T I G U E - L I F E #  /-PUMP* C R Y G G E N I  
F A T I G U E #  176, H Y D R f 3 E  R E A C T I O N  
F E A S I B I L I T Y  P IPELINES.  HYDROG 
F E A S I B I L I T Y  # TECHNOLOGY - 
F E A S  I R XL I T Y  # / T Y  F I N  AL-REPOR T 
FEEOSTCCK.  AMMONIA S Y N T H E S I S #  
F E E D S T O C K *  C I S T R I B U T I O N *  COST-  
F E E D S T O C K *  F E A S I S X L I T Y .  P I P E L I  

/I( I NET I C S  

P A R  TI A L  

' F I N A L - R E P C '  N O T  I N D E X E D  
F I S S I O N .  HYDROGEN GENERATOR. P 
F L A M E  P R O P 9  G A T  I ON SI1 P E R S O N  I C  
F t A M E - P S O P A G A T I O N *  C 3 M B U S T I O N -  
F L I G H T - T E S T S #  S AS-STORA G 
F L O Y - P A 3 A H E T E R S  * S U P E R S O N I C - F L  
F L O W * #  / L A M E  PROPAGAT I O N ,  SUP€ 
FLOW# SHOCK-COMPRESSION.  I M P  
FLU 101 Z E D - B E D - R E D U C T I  ON FUEL 
FLU101 ZED-BED-REDUCT1 O N *  C A T A L  
FORMAT I O N *  R E C C M B I N A T  I O N .  LMFa 
F F A C T U R E  STRENGTH.  T H E G M A L  S T R  
FRACTURE-TOUGHNESS# S T R U C T U R A  
FUEL G A S  P R O D U C T I O N I  / L A N T  D E S  
FUEL S Y N T H E S I S *  C C A L  L I Q U E F A C T  
F U E L - C E L L S .  F E A S I B I L I T Y #  / T Y *  
F U E L - C E L L S .  GERMANY# / L E C T R O D E  
F U E L - C E L L S ,  H I S T G F Y  D E V E L O P M E  
FU EL- C E L L S  # CO S T-E F 
F U E L - C O N S U M P T I O N .  E X H A U S T  E M M I  
F U E L - M I X T U R E *  FLOW-PARAMETERS . 

. . i... . 
O f 3 2 3 5  ~ 

01 9299 
010299 
013232 
013283 
030082 
04201 7 
310294 
030377 
030078 
030077 
033092 
030383 
34031  7 

030078 
03309 1 
033087 
03435 0 
010286 
022226  
0 3 2 0 7 7  
020569 
022 04 2 
04051 7 
052161 
aa0319 

034272 
322036 
34231 5 
04061 d 

0303a2 

o i o z a 3  

032073 
0 33 303 
033085 
330080 

033083 
04031 1 
022039 
322040 
os1 31 7 
04043 8 
04043 6 
022039 
022034 
334272 
034650 
010285 
0 10 28.7 
332077 
0 33'00 9 

033089 
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M A G N E S I U M *  C C B A L T  3 X I D E e  MO/ 
... T I O N *  S T E A M  F ISS I ON HY DROG.€N 

O N  O X I D A T I O N *  GAS-GENERA’ ION. 
C A R B C N  OX I D € *  S U L F U R  D I O X I D E *  
CENER ATOR P A R T  I A L  OX L D A T  L O N  
H E M I C A L - C O M P O S I T I O N  HYOR!DESs 
ZAR E N E R G Y  R E S E A R C H *  E N E R G Y  / 
O L Y E O E N U M  O X I D E .  U.5- P A T E N T  
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FUEL, F U E L - T A N K S .  I N S U L A T  I O N - S  
FUEL* F U S I O N *  E N V I R O N M E N T A L - I A 4  
FUEL, I N T E 5 N A L - C O M B U S T l O N  E N G I  
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G A S E S - P R O O U C T I C N ,  S T E A M  F I S S C O  
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G A S I F I C A T I O N *  M E T H A N E  P R O O U C T I  
G A S : F I  C A T  ION. N E G O T I  A T 1  O N S  9 FU 
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H-0 9 E N G  I NE T I T A N  I UM-T I N - A L L  0 
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040434 
030076 
04201 6 
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0 3 2 0 7 1  
330081 
021131 
034850  
010287 
0 2204 2 
030079 
02203 9 
023035 
0 3 2 0 7 5  
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032 07 8 
022033 
022036 
022032 
022042 
022035 
022035 
022041 

032074 
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040221 
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s SMENT 9 5 NV I RONMENTAL-  I M P A C T  
3 X X D E .  MOLYBDENUM O X I D E ,  L ' e S e  
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M E T H A N A T I O N .  1970 M E T H A N A T I O N .  
METHANE P R O D U C T I O N #  

M I C R O O R G A N I S M S #  / B I J C O N V E R S I O  
MGLYBD€NUM O X I D E .  U o S o  P A T E N T .  
NATURAL-GAS S U P P L Y  R 
NE GGT I A T  I ONS 9 F A  CT L I TY I 
N I O B I U M  A L L O Y  9 M A T E 3 I A L S - E V A L U  
N I T R O G E N - F I  X A T I  ON. 61 OCCNVERS I 
N O N - F O S S I L  RESOURCES*  / T I O N *  C 
NON-NUCLEAR ENERGY K E S E A P C H .  E 
NCX E M 1  SS I ON. E M I S S  IO N-MODEL 

C I UU I D-PHA SES 

METHANE GEPORT 9 1976 q ANAEROB 

F U T U R E  

,vox EMISSION. HYDROGEN-ENRICHH 
NUCLEAR S P L I T T I N G .  POWER-PLANT 
N U C L E A R - E L E C T R C L Y T I  C P R O D U C T 1  0 
NUCLEAR-POW €Si- A P  PL I CA T I  ONS NU 
O R B I T E R  V E H I C L E  F L I G H T - T E S T S #  
OX I OAT I ON 9 G A S - G E N E R A T I  ON GE R 
O X I D A T I O N .  GERMAN. P A T E N T #  / C N  
O X I 3 A T I O N l r  / O L O G Y - A S S E S S M E N T *  
axx~tz. MOLYBDENUM OXIDE, U.S. 
OX IO€. S O L A R - E N E R G Y - C O N V E R S I O N  
OXIDE,  S T Q C N T I U M  C X I D E *  / L e  T H  
O X I O E I  S U L F U R  D I O X I D E .  GERMAN. 
O X I D E *  UoSe PATENT. GEF;MANY# / 
C X I D E #  /LI T H E 2 M A L  D E C O M P O S Z T I  
OXYGEN E N G I N E .  S P A C E - T R A N S P C 2 T  
OXYGEN E N G I  NES S P A C E - S H U T T L E  # 

OXYGEN GAS I F 1  C A T I G N #  H Y  
329 E L E C T R O D E S .  S I L V E R  C A T A L Y S  
P A R T I A L  O X I D A T I O N .  GERMAN. P A T  
P A R T I A L  O X I D A T I O N #  I O L O G Y - A S S €  
PATENT.  GERMANY Iy / I U M  C C B A L T  
P A T E N T #  / - C O N V E R S I O N S  CARBON 0 
P A T E N T #  /ON s HYDROGEN G E N E R A T O  
P A T E N T #  / T I L I Z A T I O N .  C H E M I C A L -  
P A T E N T #  / T O R *  HYOGGCARBON O X I D  
P E T R O L E U M  T E C H N O L O G Y - A S S E S S M E  
P H O T O C A T A L Y S ~ S I  T I T A N I U M  O X I D E  
PHOTOCONVERSION# 
P H O T C S Y N T H E T I C  9 N I T Q O G E N - F I X A T  
P I L O T - P L A N T  D E S I G N ,  F L U I D I Z E D -  
PIPELINE, FUEL. F E E D S T O C K .  F E A  
PIPELINE. FUEL. F E E D S T U C K .  D f S  
? I P E L I N E S *  HYDROGEN ECONOMY# / 
P I P E L I N E S  N O N - F O S S I L  RESGURCE 
PIPELINES* /NERGY-SfDRAGE.  S T O  
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NG. H Y C R /  F f N A L - R E P 3 R T *  :976* 
.US* FUEL S Y N T H E S I I  D O S I M E f R Y .  
S P A C E - S H U T T L E - S O O S T E R S I  S O L I  D 
U S I O N .  E N V /  FUEL-PROCUREMENT.  

L I C A T f O N S  N U C L E A R  S P L I T T I N G .  
O N F E R E N C E  W A S T E - U T I L  I Z A T I  ON 
9 REPORT 9 W C L  EAR- E L E C T S  O L Y  T I C 

E L E C T R O L Y S I S .  T H E S M G C H E M I C A L  
ANA€ kClB I C- 0 I GEST I O N  9 GL/ 

C H E M I C A L - - R E A C T I O N *  F U S I O N  R/ 
ENERGY-SYSTEM. D I S T R I S U T I O N .  

Z q S I O N s  C A R B O N  O X I D E ,  S U L F U R /  
L ES s CCMP UTER-ANALY S IS G I  BB/ 
LE. S U L F U R I C - A C I D .  P Y R /  ZNSE. 
S t C O A L  G A S I F l C A T I O N ~  M E T H A N E  
3 I ZED-BED-qSDUCT I C N  9 FUEL G A S  
C L E A R  E N E R G Y  RESEARCH,  E N E R G Y  
E A # +  C O M B U S T I B L E  FLOW./ F L A M E  

9 7 0  9 

Z S I G N .  MEMBRANE MA/ L C 2 ,  LH2r  
? /  F I N 4 L - R E P C R T .  1976. P L A S M A  
GN. T H E R M A L  I N S U L A T I O N *  S P A C /  
Y GEN E N G I N E S  Si’ACE-TRANSPORT/ 
T 1975. S U P E R S 3 N I C  A X R C Z A F T .  

C R Y O P U M P I N G .  B A L L - B E A G I N G S .  
HEM I C A L  C Y C L E  S U L F U R  I C - A C  I 3  
ENATICJN. C O A L  L I Q U E F A C T I O N .  / 
4 C T I O N .  F U S I G N  R/ P P O D U C T I O N e  
E X P E R  I HEN TS HYDG OGEN-OXYGEN/ 
o P ~ R A M E T E R S  9 S U P E R S O N I C - F L O W  
OUCTSI  E N V I R O N M E N T A L - E F F E C T S .  
I R I A L S .  GEPORT. 1976.  HYDRIDE 
A CC I DENT- C O N 0  I T  I ONS C H E M I  C A L  
7 O P E S  9 R E C O V E R Y  s CONTA I NMENT 9 

Z G E N A T I C I N .  C O A L  L I Q U E F A C T X O N ,  
SS.  C H E M I  C A L - R E A C T I O N .  FUS I G N  
- C O N 0  I T  TONS CHEM/ FORMAT I ON 
- M A T E L ? I A L /  HYDROGEN I S O T O P E S  

PORT 1975 9 NON-NUCLEAR E N E R G Y  
N E C O T I 4 T I  GNS. F U T U G E  F A C I L I T /  
M A T E R I A L .  A S T E R O I D S .  H Y D R O G E N  
L A T I 0 1  BOCK-1 977. U o S e  ENERGY 
NT. E N V I R O N M E N f ~ L - I M P A C T *  
VENESS. PIPELINES. N O N - F O S S I L  
T E F I A L S .  M E C H A N I C A /  C F Y O G E N I C  
U T T L E - B O O S T E R S .  S O L I D  P O R P E L i  
€ -BOOSTERS.  S O L I D  P O R P E L L A N T .  

AERODY N A  MI C- C H A G A C T E q  I ST I CS t 
S T ? C S I  9ASE-PRESSURE. WIND-T/ 
D R O G E N  ECONOMY. 0 I S T R  I R U T  I ON 
S H O C K - Y A V  €-PROCESSES 9 FLOW ff 
E N - O X Y C E N /  R E A C T I O N  K I N E T I C S .  

PLASMA P R O P E L L A N T  L A  SER-HEAT I 
P O L  YCY C L  I C- AR 0 M 4 T I C - H Y 0 ROC A m  0 
P O R P E L L A N T .  R C C K E T  E N G I N E S #  / 
POWER-PLANTS. O E U T R I U N  FUEL. F 
P O Y E R - P L A N T S .  SOLAR. U I N O Y  
POW EG--PLANTS# / CLEAR-PO WER- A 0 0  
P R C C E S S I N C .  H Y D R O G E N E R A T I O N #  / 
PRODUCT XDNI A D V A N C E D  F A C I L I T Y .  
PROOUCTION.  H Y D R I D E - P R O C E S S E S *  
PRGDUCT ION. METHANE.  REPORT.  1 
P R O D U C T I O N  9 R A D I A T I O N - P R O C E S S  9 

P R O D U C T I O N .  S T O R A G E #  
PRODUCTION.  S U L F U R I C - A C I D - C O N V  
P R O D U C T I O N *  T H E R M O C H E M I C A L  C Y C  
PROOUCTION.  T H E R M O C H E M I C A L  C Y C  
PRODUCT I O N R  HYGA 
P R O D U C T I O N #  / L A N T  OES I G N I  FLU1 
P R O J E C T S *  ENtZRGY S U P P L Y A  /N-NU 
P K O P A G A T I O N .  S U P E R S O N I C  A X G S T R  
P R O P E L L A N T  TANKS. S T R U C T U R A L - O  
P R G P E L L A N T .  L A S E R - H E A T I N G .  H Y D  
P R O P E L L A N T S  STORAGE-TANK-OES I 
P R O P U L S I O N - S Y S T E M .  H Y D R O G E N  O X  
PGOPULS XON. DES I C N - A N A L Y S I S #  / 
P U M P - E L E M E N T S #  / I O U I D - H Y D R O G E N  
P Y R O L Y S  IS# / R O O U C T I 9 N  9 THEkMOC 
QUARTERLY-REPORT.  1976. HYOROG 
R A D I A T I O N - P R O C E S S .  C H E M I C A L - R E  
R E A C T I O N  K I N E T X C S .  SHOCK-TLJBE- 
R E A C T I O N  K I N E T I C S #  / T U R E S  F L O W  
R E A C T I O N  K I N E T I C S #  / U S T I O N - P R O  
REACT I ON- V E S S E L S  S T D R A  CE S T R  
R E A C T I O N S *  I G N I T I O N #  / LMFBR. 
R E A C T O R - H A T E R 1  A L S #  I D R O C E N  I SO 
R E A C T O R - f E S T S #  /RT.  1976. HYOR 
R E A C T O R #  /ION* R A D I A T I O N - P R O C E  
R E C O M B I N A T I O N .  C M F B G r  A C C I D E N T  
RECGVERY. C O N T A I N M E N T  REACTOR 

‘REPORT * N O T  I N O E X E D  
RESEARCH. ENERGY P R O J E C T S .  ENE 
RESOURCES. C O A L  G A S I F I C A T I O N I  
RESOURCES 9 C O S T - E S T I M A T E S #  /E- 
RESOUkCES. D E V E L O P M E N T S  * LEGX S 
RESOURCES 9 TECHNOLOGY-ASSESSME 
RESOURCES# / T I O N .  C O S T - E F F E C T 1  
R E U S A B L E .  STORAGE. A B L A T I V E  M A  
QOCKET E N G I  NE-DES I GN 9 S PACE-SH 
ROCKET E N G I N E S #  / S P A C E - S H U T T L  
R O C K E T - D E S I G N .  A P P L I C A I T O N #  / e  

~JSSIAN, coHausTs ON-CHARACTER I 
S A F E T Y  9 UT I L I Z A T  I O W  H Y  
5 HOCK-COHPR ESS 1 ON 
S H O C K - T U B E - E X P E R I  M E N T S  HYOROG 

I M PLCS I ON 9 

I 
030081 
0 2 2 3 3 4  
330378 
a34350  
010291 
0 2 4  135 
03ad5 f 
020569 
010290 
02311 3 
021 131 
010284 

021 133 
021 134 
022032 
022039 
010289 
033083 
040440 
030081 
040437 
030083 
031 046 
04051 6 
021 134 
022037 
021 131 
033091 
033089 
033007 
052161 
051017 , 
02344 1 
02203 7 
021131 
051 01 7 
023441 

023 03 a 

010289 
022342 
023 036 
010292 
010286 
04201 5 
0 4 0 4 3 5  
0 2 0 0 7 8  
330076 
030076 
033084 
0 3 0 2 8 8  
04001 1 
03309 1 
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5 HOCK-COMPRESS I CXr  I MPL3S I ON 9 SHOCK- WAVE- P R O C E S S E S  FLOW # 

L - C E L L S .  GER/ 02. E L E C T Q C 3 E S .  S I L V E G  C A T A L Y S I S .  HYDp'3GEN F U C  
I C H T - T E S T  S I  GAS-STCQAGE S I M U L A T I C N .  J R B I T E R  V E H I C L E  FL 
O T O C A T A L Y S I S .  T I T ? N I U M  O X I D E *  f G L A G - E N E G G Y ° C O N V E ~ f x O ~ ~  1 s  PH 
E S I U M  H Y D R I D E S .  1 P P L f C A T I O N S  S C L A R - E N E R G Y 8  MAGN 

POWER-PLANTS. SOLAR, d I N O #  
S I G N .  S P A C E - S H U T T L E - 3 0 0 S T E R S  9 S O L I D  P O K P E L L A N T .  GOCKET E N G I N  
9 f A L S .  M E C H P N I C A L - P R O P S R T I E S .  S P A C E - F L I G H T #  / e  A B L A T I V E  M A T E  
R OGEN GES CURCES * C 3 S T - E S T  I MA / SPACE-M A T  El i  I A L  ASTE3 0 I OS 9 HY3 
POI;PEL/ R O C K E T  E N G I N E - O E S I  CN. S P A C E - S H U T T L E - B C O S T E R S  9 S C L I D  
I C s .  HYDROGEN O X Y G E N  E N G I N E S t  S P A C E - S H U T T L E #  / U G / I U S *  ECONOM 

'-STEM. HYDROGEN QXYGEN ENGINE. SPACE-TRANSPORTATION. ENEFGY-Q 
> E V E L /  FUTURE T R A N S P ~ P T A Y I O N I  S P A C E C R A F T - D E S I G N *  TECHNCLOGY-  
< - D E S I G N .  T H E R M A L  I N S U L A T I O N .  S P A C E C R A F T #  / A N T S .  S T C R A G E - T A N  
? - P O W E R ~ 4 P P L I C A T I O N S .  N U C L E A G  S P L I T T I N G I  P O W E R - P L A N T S #  / C L E A  
TOR. P A R T  I/ G A S E S - ? R O D U C T I C N *  STEAM F I S S I O N I  HYDROGEN GENERA 

HYGAS 9 C'3AL G A S I F I C A T I O N .  STEAM O X Y G E N  G A S I F I C A T I O N #  
E D - B E D - G E D U C T  13N. C A T A L Y S T - T /  STEAM- IRON.  CZAL-CHAR F L U I D 1  Z 
,ANT DES1 GN. F L U I D I Z E D - B E D - R /  S T E A M - I R O N .  COAL-CHAR.  P I L O T - P  
U T O M O T I V E  rn H Y L R I D E S *  E L E C T R I C  S T O R A G E - S Y S T E M S  H Y D R O C H L O G X C - 4  

. Y S U L A T I O N  9 S P A C /  P R O P E L L A N T S *  STORAGE-TANK-DESIGN,  T H E R M A L  I 
E C H A N f C A /  C R Y O G E N I C  R E U S A a L E v  STGRACE. A B L A T I V E  MATEG I A L S .  14 
Y /  M A T E P I  ALS. ENERGY-STORAGE.  S T O R A G E *  HYDKOGEN C O M P A T I B I L I T  
7 5 .  H Y D R I D E  R E A C T I O N - V E S S Z L S .  STORAGE. S T R U C T U R A L  F A T I G U E #  / 

M E T A L  HYOR ID€ STORAGE. T R A N S P O R T  V E H I C L E S #  
- -  

Y 9 C H E N I  C A L - C O M P O S I /  C A L O R  IC S T O R A G E -  W A S T E  H E A T - U T  I LI Z A T I  0 
5'4. D I S T 2  I B U T I O N ,  P R O O U C T I G N I  STORAGE# EN E R  CY-SY S T 
'J. F R A C T U R E  STR'nENGTH. T H E Q M A L  S T R A T I F I C A T I O N #  1 x 1  T A N K - D E S I C  
1 2 / L O X *  T A N K - D E S I G N .  F G A C T U R E  STRENGTH.  T H E R M A L  S T R A T  I F I C A T I  
T A N K - C O N F  I G U R A T I O N S  9 COMPUTER S T R E S S - A N A L Y S I  S 9 TEST-PROCEDUR 
E C O M P C S I T I G N .  C H R C N I U M  O X I D E *  S T R G N T I U H  O X I D E S  / L e  T H E R M A L  0 
DE R E A C T 1  C N - V E S S E L S  S T O 2 A G E  9 S T R U C T U R A L  F A T I G U E #  176 H Y O G  I 

L02. LH2r  P R O P E L L A N T  TANKS. S T R U C T U R A L - O E S I G N I  MEMBGANE MA 
.-- 1976,  HYOPIDE REACTION-VESSW S~R~CTURAL-MATERIALS. REPORT. 

A L L O Y S  9 FRACTURE-TOUGHNESS# STRUCTURAL-STRENGTH.  CRYOGEN1 C 
NI A D V A N C E D  F A C I L I T Y .  S Y S T E M S  STUGYI l  / E L E C T G O L Y T I C  P G O O U C T I C  
C I D - C O N V E R S I O N .  C A R B O N  O X I D E .  SULFUR O I O X I D E I  GERM4Nv P A T E N T  
O N  O X I G E .  S U L F U R /  P R O D U C T I O N  S U L F U R I C - A C I D - C O N V E R S  I O N .  C A R 3  
UCTXGN.  T H f F M O C H E Y I C A L  C Y C L E .  S U L F U R I C - A C I D .  P Y F O L Y S I S #  /GOD 
HYDPOGEN. F I N A L - R E P O R T ,  197'5. S U P E R S O N I C  A I R C R A F T .  P R O P U L S I O  
3LE F L O W ,  / F L A M E  P R O P A G A T I O N .  S U P E R S O N I C  4 I R S T R E A M s  C O M B U S T 1  
C3MPUTER-PR3GGAHS.  I N J E C T I O N .  S U P E R S O N I C  C O M B U S T I O N #  /PORT. 
UEL-MIXTURE,  F L O W - P A R A M E T E R S *  SUPERSONIC-FLOW.  R E A C T I O N  K I N E  

L N G - P R O J E C T ,  N A T U R A L - G A S  S U P P L Y #  
ARCH. E N E G G Y  PQOJECTS.  E N E R G Y  S U q P L Y *  I N - N U C L E A F  ENERGY R E S €  
C - A ; ? O Y A T I  C-HYDROCARBONSI FUEL S Y N T H E S I S  C O A L  L I Q U E F A C T I O N *  . H Y O R O G E N  F E E D S T C C K .  A M M O N I A  S Y N T H E S I S #  / C O A L  G A S I F I C A T I C N  
R O D U C T I O N  A D V A N C E D  F A C I L I T Y .  S Y S T E M S  S T U D Y #  / E L E C T R O L Y T I C  P 
S T R E S S - A N A L Y S I S .  T /  L02r LH2 TANK-CONF I G U R A T I O N S .  COMPUTER 

T H E R M A L  S T R A T I F I C I  L H 2 / L O X *  T A N K - D E S I G N *  F F A C T U R E  S T R E N G T H  
? A N €  MA/ Lot .  LH2. P R O P E L L A N T  TANKS. STQUCTURAL-DES I G N .  WEM8 

. N-ECONOMY 9 F E A S I B I L I T Y #  TECHNOLOGY-ASSESSMENT 9 HYOROGE 
M E N T A L - I M P A C T  U 9 E S O U G C E S r  TECHNOLOGY-ASSESSMENT * E N V I G O N  

3 4 3 3 1  1 
334653 
(133 330 
023434 
333379 
010291 
030073 
040435 , 
023035 
330073 
030082 . 
030083 
0?0379 
340437 
021135 
322078 
022335 
0 2 2 0 4 1 3  
022339 
043980  
04043 7 
0 4 3 4 3 5  
04201 7 
3 3 2 1 5 1  
032 375 
043072 
3 1 0 2 9 4  
040438 
040333 . 
0 4 0 4 3 4  
021  1 3 2  

040410 
352161 . 
050436 
020 56 3 
023033  
023038 
021 1 3 4  
031 046 
033082 

0 3 3 0 8 9  
322052 
010293  
0 2 2 3 3  5 
022 03 6 
020569 
040434 
0 40 4-3 8 
04044 0 
313233 

05215: 

033383 

o i o z a e  
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fUR I N G e  VOLUME- I V  ? € T ? C L E U M  
P O R T A T I  O N  
'4s. COMPUTER S T R E S S - A N A L Y S I S .  
J E L - T A N K S  9 I N S U L A T ?  ON-SYSTEM. 
Y OXIDEm STR/ T H E F H O C H E H I C A L I  
S L L A N T S .  STORAGE-TANK-OESI  GN. 
NK-DEI I G N  9 F R A C T U R E  S T S E N G T H .  
?o-ANCILYSf  S. G I B S /  P R O D U C T I O N I  
- 4 C f D .  P Y R /  ZNSE:. P R G D U C T I 3 N .  
GEN-PQCDUCTION.  E L E C T R C L Y S  IS 
O S I T I O N .  C H R O N I U M  O X I D E .  S T 9 /  
L M E T H A N A T  I ON 9 

9 E L E C T O R  DES. P H O T O C A T A L Y S  IS 9 

C R Y C G E N I  C. M A T /  H--CI, E N G I N E .  
M E T A L  HYORIDE STORAGE.  

I CN. T E C H N O L O G Y - D E V E L 1  F U T U R E  
X Y G E N  Z N G  INES . S P A C E - S H U T T L E /  
9 D E S I G N - A N A L Y S I S ,  TURBOPUMP, 
I D-HYDROGEN. 
'4ENTS . L E  G I S L A T  IO/ 300K-1977 I 
3 A L T  O X I D E .  Y C L Y S D E N U M  O X I D E .  

HYDROCARBON O X I D A T I O N *  GAS-/ 
EDNOMY. D I S T R I B U T I O N  S A F E T Y .  
S - S T O F A G E  S I M U L A T I O N .  O R B I T E R  
2 C 0 4 L - G E N E 9 A T E D .  E C 3 N O M I C S .  
A L  H Y D R I D E  STORAGE. 7RANSPCIRT 
V f C S .  V E H  I C L E - O P E R A T I O N - C O S T +  
C C A L  G A S I F I C A T I O N /  1975-1975. 
G Y - A S S E S S  MENT/ H A N U F A C T U 2  ING.  
4 L - C O M P O S I /  C A L O F I C r  STORAGE.  

I N T E R N A T I O N A A L .  C O N F E R E N C E  I 
B A S E - P R E S S U R E *  

POWER-PLANTS. S O L A R  . 
A L  C Y C L E .  S U L F U R I C - A C I O s  ?YR/  
I F I C A T I C N .  C O A L  G A S I F I C A T I O N /  
- P O W E R - D E N S I T Y *  F I N A L - Q E P C I R T .  
RCH. E N E R G Y  / GERMANY. REPORT 
I Q U I D - H Y D R O G E N .  F I N A L - R E P O R T .  
2 /  L I Q U I D - P H A S E .  M E T H A N A T I O N  m 

P R O D U C T 1  ON. METHANE. REPORT. 
S T R U C T U R A L - ~ A T E R I A L S .  REPORT 9 

€ F A C T  I O N  9 / QUART ERLY-REPORT 
- H E A T I N G .  HYDR/  F I N A L - R E P O R T  s 

S P A C E C R A F T - D E S  I GN 

GAS I F I  C AT ION.  / 

DES I GN-ANALY S I S 

A R A C T E R  I S T I  CS 

S I N E  C A L I  S R A T I O N  F I N A L - R E P O R T  

TECHNOLOGY-ASSESSMENT E N V I R O N  
T E C H ~ G L O G Y - D E V E L O P H E N T S Y  / R A N S  
T E S T - P R O C E D U R E S #  / C O N F I  G U R A T I  0 
T H E R M A L  C Y C L E *  / R G G E V *  FUEL. F 
THERMAL D E C O M P O S I T I O N  9 C H R O N f U  
THERMAL I N S U L A T I O N ,  S P A C E C R A F T  
T H E R M A L  S T R A T I F I C A T I O N #  1 x 1  T A  
T H E R M O C H E M I C A L  C Y C L E S  9 COMPUTE 
T H E R M O C H E M I C A L  C Y C L E *  S U L F U R I C  
T'HERMGCHEM I C A L  P R O D U C T I O N I  H Y O  
T H E R M O C H E M I C A L .  T H E R M A L  C E C 3 M P  
THERMODYNAMIC 9 HEAT-P IPES COA 
T I T A N I U M  O X I D E .  S C L A 2 - E N E F G Y - C  
T I T A N I U M - T I N - A L L ~ Y I  FUEL-PUMP. 
TRANSPORT VEH I C L E S #  
T R A N S P O R T A T I O N .  S P A C E C R A F T - D E S  
T U G / I U S *  E C O N O M I C S ,  HYDROGEN 0 
T U R B I N E  C A L  I B G A T I C N  F I N A L - R E P 0  
TURBOPUMP. T U R B I N E  C A C I B F A T I O N  
UoS. E N E R G Y  RESOURCES D E V E L O P  
U o S s  P A T E N T I  GEEMANY# / I U M *  C O  
UNH INDERED-FLOW-CAS-GENERAtOR 
U T I L I  Z A T I  ON# HYOROGEN E 
V E H I C L E  FL I GHT-TESTS # G A  
VEHICLE-0PEF;ATION-COSTr V E H I C U  
V E H f C L E  S l  MET 
V E H I C U L A R  FUEL# / E R A T E O e  ECONO 
VOLUME- I I s 

V O L U M E - I V  P E T F C L E U M .  T E C H N O L O  
d A S T E  CHEM I C 
W ASTE-UT I L I  ZA T I ON P R O C E S S  I N G  
W i N D - T U N N E L - T E S T S #  / B U S T I G N - C H  

HY D R O G A S I  F I C A T  I ON. 

H E A T - U T  I L I Z A T  I 0 N 

W I N O M  
ZNSEI 
1 975- Z 
1975. 
19759 
1 9 7 5 .  

P R O D U C T I O N .  T H E R M O C H E M I C  
976 V O L U M E - 1 1  HYDGOGAS 
A I R C R A F T .  F U E L - C E L L S *  FE 
NON-NUCLEAR E N E R G Y  R E S E A  
S U P E P S O N I C  A I R C R A F T .  PQO 

1976 M E T H A N A T I O N .  L I Q U ?  D - P H A S E  
1 9 7 6 .  ANA €GOB I C-0 ICES T I  ON G L U  
1 9 7 6 ~  H Y D R I D E  R E A C T I 3 N - V E S S E L S  
1 9 7 6 .  H Y D R O G E N A T I O N *  C O A L  L I Q U  
1 9 7 6 .  P L A S M A  P G O P E L L A N T  m L A S E R  
1976# / N A L Y S I  S, TUt3BOPUMP . T U R  

022226 
033379  
0 4043 4 
043439 
021 1 3 2  
as0437 
0 4 0 4 3 3  
021 133 
021 13a 
010290 
021 13.2 
022033 
02363 F 
04051 7 
032075 
030079  
030082. 
04051 5 
04053 5 
010282 
023037  
023035 
010233  
030080 
032074  
032075  
032074  
022036 
022226 

034 35 1 
033 084 
010291 
021 134 
022033 
034273 
0 1 0 2 9 3  
031046  
02204 1 
02321 @ 
052161 
022037 
0300131 
04051 5 

0 4 3 i n a  

51 


